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LETTER    OF    TRANSMITTAL 

Federal  Emergency  Administration  of  Public  Works, 

Washington,  D.  C.  October  1,  19S4. 

Hon.  Harold  L.  Ickes,  Aihniitisl/ator, 

Federal  Emergency  Admin i-^inition  u{  Public  Works, 
Washington,  D.  C. 

My  Dear  Mr.  Administrator: 

The  Mississippi  Valley  Committee  submits  herewith  its  report 
on  principles,  policies,  conditions,  and  problems  of  the  use  and  control 
of  water  in  the  Mississippi  Drainage  Area.  The  Committee  has 
endeavored  to  bring  into  common  focus  man^^  phases  of  the  subject 
which  usually  have  not  been  treated  in  their  relations  to  each  other. 

The  Committee  wishes  to  express  its  cordial  appreciation  of  the 
consideration  and  helpfulness  which  it  has  been  accorded  by  Federal 
Emergency  Administration  of  Public  Works. 


Very  respectfully  yours 


The  Mississippi  Valley  Committee. 
By  Morris  L.  Cooke,  Chairman. 


Planning  for  the  use  and  control 
of  water  is  planning  for  most  of  the  basic  functions  of 
the  life  of  the  Nation.  We  cannot  plan  for  water  unless 
we  also  consider  the  relevant  problems  of  the  land.  We 
cannot  plan  for  water  and  land  unless  we  plan  for  the 
whole  people.  It  is  of  little  use  to  control  rivers  unless 
we  also  master  the  conditions  which  make  fur  the 
security  and  freedom  of  human  life.  *  *  *  The 
need  for  planning  arises  out  of  the  needs  and  desires  of 
the  people.  Under  the  proven  system  of  democracy  no 
plan  can  be  imposed  upon  the  people.  Government 
may  inform,  educate,  and  guide.  It  may  mobilize 
resources  for  the  common  task.  It  cannot  dictate. 
What  must  be  sought  is  elective  means  for  carrying 
out  the  common  purpose,  not  only  in,  the  interest  of  the 
living  generation  but  for' the  protection  and  enhance- 
ment of  the  lives  of  all  the  generations  to  come.  *  *  * 
We  are  but  tenants  and  transients  on  the  earth.  Let 
us  hand  down  our  heritage  not  only  unimpaired  but 
enriched  to  those  who  come  after  us. 

Mississippi  Valley  Committee. 
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SECTION    I 


SUMMARY 


2  Above,  source  of  run-off  in  the  Rocky  Mountains.     Below,  destination  of  run-off  in  Cypress  Swamps  of  ttie  South. 
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SUMMARY 


I.  Land,  Water,  and  People 

"Make  no  Utile  plans.     They  have  no  magic 
to   stir   7nen's   souls." — Charles    D.    Norton. 

The  time  has  passed  when  isolated  or  unre- 
lated plans  were  adequate  to  American  needs. 
When  one  strand  in  the  interwoven  web  of  our 
national  fabric  is  touched  every  other  strand 
vibrates.  Land,  water,  and  people  go  together. 
The  people  cannot  reach  the  highest  standard 
of  well-being  unless  there  is  the  wisest  use  of 
the  land  and  water. 

The  divisions  into  which  the  Mississippi 
Valley  Committee  was  forced,  by  the  sheer 
logic  of  the  situation,  to  analyze  its  problem 
will  indicate  the  amazing  diversity  of  the  task 
of  using  and  controllmg  water.  Flood  control, 
low-water  control,  navigation,  power,  water 
supply,  sanitation,  and  erosion  are  integral 
parts  of  the  picture.  All  of  these  elements  are 
met  with  in  the  Great  Valley.  All  of  them  may 
be  encountered  in  the  treatment  of  a  single 
stream. 

Merely  to  Ust  them  is  to  suggest  that  we 
cannot  plan — that  we  can  hardly  hope  to 
develop  even  a  single  sound  project — unless 
we  study  also  the  uses  of  the  land.  So  we 
have  other  factors  we  cannot  overlook;  agri- 
culture and  irrigation,  industry  and  commerce, 
water  storage,  forestry,  recreation,  the  conser- 
vation of  wildlife. 

Every  plan  and  detail  of  a  plan  must  be 
checked  against  as  many  of  these  factors  as  are 
pertinent  to  the  particular  case  if  we  are  to  be 
certain  of  wholly  beneficial  results.  From  a 
consideration  of  projects  we  come  to  the  con- 
sideration of  a  pattern  on  wliich  are  dependent 
the  lives  and  happiness  of  milUons  now  living 
and  millions  still  to  be  born. 

Engineering  does  not  exist  for  its  own  sake. 
It  is  of  little  use  to  control  rivers  if  we  cannot 
thereby  improve  the  quahty  of  human  living. 
Therefore,  the  final  and  most  significant  element 
which  the  committee  has  considered  is  neither 
land  nor  water,  but  the  people  who  live  on  the 
land  and  are  dependent  on  the  water. 

II.  Water  in  Motion 

A  drainage  basin,  big  or  little,  is  a  region 
through  wliich  water  moves.  No  act  of  man 
can  permanently  halt  this  flow  of  power,  nor 
even  diminish  it  to  an  appreciable  degree.  The 
water  must  come  down — we  could  not  stop  it 
if  we  would.     We  can,  however,  figuratively 


as  well  as  Uterally,  canalize  it  so  that  it  will       Summary 
do  what  we  want  it  to  do  and  not  do  what  we 
do  not  want  it  to  do. 

The  Problem  of  Control:  The  ideal  river,  which 
would  have  a  uniform  flow,  does  not  exist  in 
nature.  Something  usually  has  to  be  done,  to 
equalize  the  flow  or  to  take  advantage  of  varia- 
tions in  flow,  if  the  stream  is  to  resemble  even 
remotely  an  ideal  river.  But  before  this  stage 
can  be  reached  the  question  has  to  be  answered, 
For  what  or  for  whom  is  the  river  to  be  ideal? 
The  problem  of  control  involves  not  only  the 
physical  nature  of  the  stream,  but  the  often 
conflicting  claims  of  various  uses  and  various 
users.  Scientific  planning  requires  a  use  pat- 
tern for  each  community,  district,  or  region,  as 
well  as  a  geographical  pattern  which  will  reflect 
as  fairly  as  possible  the  dominant  needs  of  each 
locality. 

The  same  principle  must  hold  when  we 
attempt  to  prevent  a  stream  or  a  river  system 
from  doing  damage.  There  is  no  one  method 
of  flood  control  which  is  applicable  to  the 
entire  Mississippi  system.  The  improvement 
of  natural  channels;  the  building  of  reser- 
voirs— sometimes  well  adapted  for  purposes  of 
irrigation  and  power;  the  construction  of  levees, 
such  as  now  exist  along  the  lower  Mississippi; 
reforestation  and  a  change  in  certain  areas 
from  tilled  crops  to  grass  crops,  may  all  play 
a  part  in  slowing  down  the  rush  of  water  to  the 
sea,  or  in  keeping  it  away  from  cities,  towns, 
and  valuable  lands. 

Floods  pay  no  attention  to  political  jurisdic- 
tions. Any  coordinated  system  of  control  will 
demand  the  cooperation  of  neighboring  States 
with  each  other  as  well  as  the  cooperation  of 
States  with  the  Federal  Government.  Ob- 
viously the  Federal  Government  should  bear 
its  share  of  the  costs  and  the  responsibility. 
Obviously,  too,  the  States  should  do  the  same. 
To  make  this  easily  possible  we  need  uniform 
State  flood  control  laws.  Federal  legislation  to 
expedite  interstate  compacts,  and  a  permanent 
policy  of  Federal  participation  based  on  accu- 
rate estimates  of  the  benefits  to  be  derived. 
The  integrity  of  State  and  local  governments  is 
certain  to  be  impaired  if  the  Federal  Govern- 
ment is  regarded  as  a  Idnd  of  Santa  Claus. 

It  is  suggested  that  the  Federal  Government 
might  pay  30  percent  of  the  cost  of  labor  and 
materials  for  projects  of  chief  benefit  only  to 
local  communities;  a  larger  proportion  as  the 
measurable  general  benefits  increased;  and  100 
percent  of  the  construction  cost  when  the  bene- 
fits to  be  derived  were,  as  they  are  now  recog- 


nized  to  be  on  the  lower  Mississippi  and  its 
backwater  areas,  a  national  affair.  In  each 
instance  there  should  be  responsible  and  legally 
constituted  local  agencies  with  which  the  Gov- 
ernment could  deal. 

The  same  principles  that  are  applied  to  flood 
control  may  bo  applied  to  low-water  control. 
Sometimes  the  multiple  purposes  of  power  de- 
velopment, irrigation,  navigation,  water  supply, 
low-water  control,  and  even  flood  control  may 
be  served  by  a  single  project.  As  in  the  case 
of  flood  control,  low-water  control  may  be  paid 
for  by  the  different  agencies  in  proportion  to 
the  benefits  received.  Since  pollution,  by 
sewage  or  industrial  waste,  is  a  common  ac- 
companiment of  low-stream  stages  in  closely 
settled  regions  it  is  reasonable  to  ask  that 
local  authorities  and  industrial  interests  shall 
con  trol  this  element  as  a  preliminary  to  P'ederal 
participation. 

The  Federal  Government  manifestly  should 
not  be  asked  to  police  local  streams. 

Navigation:  Inland  waterways  in  the  United 
States  fixed  the  lines  which  the  first  westward 
migrations  were  to  follow.  As  highways,  ca- 
nals and  finally  railroads  were  thrust  westward 
from  the  Atlantic  coast,  waterways  lost  their 
supreme  significance.  Nevertheless  they  have 
continued  to  play  a  part  in  the  national  life, 
billions  of  dollars  have  been  invested  in  them, 
and  they  have  a  romantic  and  traditional  in- 
terest which  cannot  be  disregarded. 

Certain  disadvantages  attach  to  any  river 
development:  Rivers  are  crooked  and  often  do 
not  follow  normal  lines  of  traffic  movement; 
reshipment  is  often  necessary ;  variations  in  the 
water  level  make  it  difficult  to  estabhsh  proper 
docking  and  warehousing  facilities;  the  north- 
ern waterways  are  closed  by  ice  during  many 
months  of  the  year. 

On  the  other  hand  some  waterways  have  con- 
tinued to  prove  economically  justifiable;  inlantl 
waterway  transportation  has  sometimes  had  a 
chastening  influence  on  railroad  rates;  and 
there  is  already  a  large  Federal,  State  and  local 
investment  in  waterways  which  would  be  lost 
if  they  were  abandoned.  Furthermore,  navi- 
gation may  well  be  part  of  a  plan  which  pro- 
vides also  for  irrigation,  flood  control,  low-water 
control  and  power  development.  We  must 
measure  its  costs  and  advantages  in  their  rela- 
tion to  some  or  all  of  these  other  elements. 

Down  to  the  end  of  1932  the  United  States 
Government  had  spent  a  Uttle  less  than  two 
biUion  dollars  on  river  and  harbor  improve- 
ments, of  which  94  percent  was  expended  after 
1882,  74  percent  after  1906,  and  46  percent 


after  1920.  Of  this  amount  about  a  billion  and 
.•1  half  dollars  were  chargeable  to  navigation 
alone,  and  about  $440,000,000  to  navigation 
on  the  Mississippi  river  system.  We  have 
27,406  miles  of  inland  waterways  which  are 
legally  defined  as  navigable,  of  which  12,798 
iiiilos  nearly  half — are  in  the  Mississippi 
system. 

These  legally  navigable  channels  are  in 
some  cases  no  more  than  that.  We  need  new 
estimating,  accounting  and  cost-finding  tech- 
nique not  only  to  weigh  the  advantages  and 
disadvantages  of  river  transportation,  but  to 
determine  the  proper  place  of  inland  waterways 
in  a  coordinated  national  transportation  sys- 
tem. It  may  be  desirable  to  introduce  a  new 
element  by  imposing  charges  where  they  are 
justified  by  special  services  and  special  facilities 
and  where  the  traflBc  can  bear  them. 

The  movement  toward  ultimate  unification 
might  be  hastened  by  the  setting  up  of  a  com- 
iiiission  to  regulate  water  rates  and  to  cooperate 
with  the  Interstate  Commerce  Commission  in 
fixing  joint  rail  and  water  rates.  In  time, 
with  experience  and  with  the  accumulation  of 
data  which  we  now  lack,  the  two  agencies 
might  be  combined. 

Poiver:  The  production  and  distribution  of 
electricity,  more  than  most  other  factors,  de- 
mands Valley-wide  coordination  as  part  of  a 
unified  national  system.  The  opportunities 
for  power  development  are  great,  out  of  a 
potential  of  16,000,000  Idlowatts  on  the  Mis- 
sissippi and  its  tributaries  only  2,000,000  have 
so  far  been  utilized.  In  cases  where  potential 
power  is  not  near  an  existing  market  a  region- 
wide  tie-up — an  electrical  "pool"  to  which  all 
power  sources  would  contribute-  -would  often 
make  it  economically  feasible  to  develop.  In 
any  such  combination  there  would  be  a  residue 
of  continuous  power,  even  when  many  indi- 
vidual plants  were  contributing  only  a  part  of 
the  time. 

If  coordination  is  taken  as  the  key  we  see  the 
unfortunate  effects  of  the  present  set-up  in  a 
power  map  which  shows  a  "crazy  patchwork 
of  operating  areas  "  and  "a  mass  of  independent 
unrelated  generating  units".  Congested  areas 
have  more  mstalled  power  than  their  inhabi- 
tants can  utiUze  under  present  conditions; 
other  areas,  especially  the  rural  ones,  have 
little  or  no  electric  service,  and  there  is  a 
general  underconsumption  of  power. 

Coordination,  under  Government  leader- 
ship, would  not  only  benefit  the  consumer, 
but  would  aid  the  private  producers  by 
eUminating  unnecessary  duphcations  of  plant 
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and  equipment,  stabilizing  service  and  making 
available  new  sources  of  energy. 

The  Federal  Government  shoald  regulate 
transmission,  regardless  of  the  nimiber  of 
generating  plants  or  transmission  lines  it  may 
ultimately  own.  During  the  next  20  years  it 
could  profitably  spend  a  billion  dollars  on 
river  works  in  the  Mississippi  Valley,  half  of 
which  would  be  for  self-liquidating  power 
installations.  With  this  nucleus  it  could 
experixnent  as  well  as  regulate. 

Beyond  lies  the  great  task  of  rural  electrifi- 
cation— the  need  for  which  is  indicated  by  the 
fact  that  only  one  farm  out  of  every  seven  in 
the  United  States  is  now  electrified,  even 
counting  private  power  installations.  Only  1 
in  10  of  the  nation's  farms,  only  1  in  16  of  those 
in  the  Mississippi  Valley,  actually  buys  elec- 
tricity from  power  lines. 

An  allotment  of  $100,000,000  to  build  inde- 
pendent, self-liquidating  rural  electric  projects 
would  be  a  safe  and  socially  justifiable  experi- 
ment. Such  an  enterprise  would  not  compete 
with  private  capital,  since  it  would  serve 
territory  not  now  served  or  likely  to  be  served 
in  any  other  way.  There  is  every  reason  to 
expect  that  the  low  rates  which  would  be 
possible  would  result  in  a  great  expansion  in 
the  rural  uses  of  electricity  and  a  consequent 
increase  in  rural  living  standards. 

Water  Supply  and  Sanitation:  The  provision 
of  an  ample  supply  of  pure  water  for  domestic 
uses  is  a  problem  throughout  the  basin.  Low 
water  everywhere  intensifies  pollution.  Plan- 
ning obviously  must  look  far  ahead,  providing 
for  future  supplies  and  for  purification  works; 
establishing  water  and  sewerage  districts,  by 
which  the  needs  and  uses  of  neighboring  com- 
munities can  be  reconciled;  arranging  for  the 
better  disposal  of  sewage  and  industrial  waste; 
and  in  rural  districts  encouraging  better  sani- 
tation. 

Chemical,  physical,  and  biological  analyses 
of  the  water  in  the  basin  have  been  few,  and 
are  badly  needed. 

The  situation  calls  for  State  legislation,  where 
necessary,  to  give  health  departments  super- 
vision over  water  supplies,  sewage  and  indus- 
trial waste  in  the  interests  of  public  health;  for 
the  creation  of  State  agencies  to  inventory  and 
allocate  intrastate  waters;  for  State  laws,  where 
needed,  to  establish  water  supply  and  sewer 
districts;  for  interstate  compacts  in  some 
cases;  and  for  the  pooling  and  correlation,  by 
State  and  Federal  agencies,  including  the 
Public    Health    Ser\ace,    of    information    now 


existing,  as  well  as  data  to  be  secured  by  com- 
prehensive surveys. 

Erosion  Control:  It  is  only  in  comparatively 
recent  years  that  the  menace  of  soU  erosion  in 
the  Mississippi  Valley  has  been  generally 
realized.  Yet  a  large  portion  of  the  agricultural 
land  in  the  basin  has  lost  from  3  to  6  inches  of 
top  soil,  and  "no  less  than  25  percent  of  the 
tilled  lands,  have  actually  been  stripped  to  the 
subsoil."  About  5  percent  has  reached  the 
gullying  stage,  and  have  been  permanently 
ruined  for  agricultural  use.  Four  hundred 
million  dollars  a  year  is  a  conservative  estimate 
of  the  tangible  loss  in  the  United  States. 

Erosion  is  insidious:  The  first  stage  is  sheet 
erosion,  often  so  imperceptible  that  the  effect 
can  be  detected  only  by  changes  in  the  color 
of  the  soil  or  by  an  otherwise  inexplicable  lower- 
ing of  productivity.  Next  comes  "shoe- 
string erosion",  and  finally  gully  erosion,  like 
the  last  stage  in  an  incurable  disease.  In  the 
arid  regions,  and  in  seasons  of  drought  in  the 
normally  humid  areas,  the  wind  may  be  an 
eroding  agent:  Witness  the  clouds  of  dust 
which  were  carried  last  spring  from  the  Mis- 
sissippi Valley  over  eastern  seaboard  cities. 
The  very  land  is  dying.  Measured  by  man's 
brief  generations  it  is  losing  forever  its  ability 
to  produce  food. 

Meanwhile  living  standards  on  the  afflicted 
land  have  dropped,  farm  tenancy,  tax  delin- 
cjuencies,  bankruptcies  and  land  abandonments 
have  increased,  and  once  smiling  regions  be- 
come a  desolate  testimonial  to  man's  foUy. 

Progress  in  erosion  control  may  be  measirred 
by  the  18,000,000  acres  of  farm  lands  terraced 
between  1915  and  1932,  and  by  the  large  num- 
ber of  farmers  who  have  been  induced  to  use 
such  measures  of  soil  protection  as  improved 
tillage,  crop  rotation,  and  strip-cropping.  But 
it  has  become  apparent  that  soil  protection 
cannot  be  left  solely  to  education  and  self- 
interest.  A  national  policy  and  program  is 
imperative. 

Public  agencies  should  not  be  expected  to  do 
all  the  work  but  unless  they  intervene  it  is 
apparent  that  the  work  will  not  be  done,  or 
will  not  be  done  in  time.  Because  the  emer- 
gency is  national  the  National  Government 
must  take  the  lead. 

The  cost  of  protection  against  erosion  is  but  a 
minute  fraction  of  the  cost  of  erosion.  A 
twenty-year  Federal  program,  calling  for  joint 
action  with  States,  counties,  land  districts,  and 
individual  owners,  would  cost  tbe  National 
Government  $20,000,000  a  year— 5  percent  of 


Summary        the  measurable  annunl  loss  from  erosion  at  the 
present  rate. 
III.  Water  on  the  Land 

If  the  water  resources  of  a  region  are  to  be 
planned  for  effectively,  there  must  also  be  co- 
ordinating planning  for  the  land  resources. 
Therefore  it  has  seemed  essential  to  the  com- 
mittee to  consider  as  relevant  to  water  uses 
problems  of  agriculture,  including  irrigation,  of 
forestry,  and,  because  man  is  not  exclusive^  a 
working  animal,  of  recreation  and  the  conser- 
vation of  wildlife.  We  come  again  on  a  maze 
of  interrelated  elements,  no  one  completely  in- 
dependent of  the  others. 

Land,  Water,  and  the  Farmer:  American 
farm  practice,  as  it  relates  to  the  continuing 
productivity  of  the  land,  is  now  not  merely  an 
individual  concern — it  is  a  national  concern. 

Given  the  existing  markets,  agriculture  has 
been  much  overexpanded,  even  though  not 
much  more  than  one-tlaird  of  the  tillable  soil 
which  would  be  available  under  such  extreme 
pressure  of  population  as  exists  in  China  is  now 
devoted  to  harvested  crops.  Fewer  farmers 
and  farm  laborers  are  at  work  than  was  the  case 
a  generation  ago,  but  this  diminished  number 
produce  more  than  can  be  domestically  con- 
sumed or  exported.  These  generalizations, 
true  of  the  whole  countrj^,  are  especially 
pertinent  for  the  Mississippi  Valley — the 
Nation's  granary. 

Improvements  in  farming  technique  have 
not  protected  the  land  itself,  as  the  erosion 
situation  shows.  The  diversified  cropping 
system  of  the  pioneers  was  easier  on  the  land, 
if  harder  on  the  pioneer.  We  cannot  return 
to  pioneer  conditions,  but  we  probably  should 
return  to  diversification,  which  in  turn  would 
mean  a  better  balanced  agriculture. 

A  successful  national  agricultural  policy 
would  require  that  all  our  soils  (of  which  there 
are  hundreds  of  types)  be  analyzed  and 
grouped;  that  from  these  studies  the  best  uses 
of  each  kind  of  land  be  determined;  and  that 
scientific  cropping  systems  be  developed  for 
each  type  of  land.  Local,  State,  and  Federal 
Governments  should  unite  in  this  program, 
preferably  through  a  national  body  which 
would  obtain  the  active  support  of  the  other 
agencies. 

Irrigation:  Farming  in  regions  of  inadequate 
rainfall,  such  as  that  part  of  the  Mississippi 
Valley  lying  west  of  the  one  hundredth 
meridian,  demands  a  special  technique  on  the 
part  of  the  farmer.  The  dry  farmer,  taldng 
his  chances  with  the  weather,  is  relatively 
6       independent.       The    irrigation    farmer    must 


usually  resort  to  collective  action  to  bring 
running  water  to  his  land.  The  semiarid 
regions,  in  which  the  rainfall  hovers  around  the 
marginal  line  of  1.5  to  20  inches  annually, 
furnish  a  special  problem,  since  their  crops  may 
grow  without  irrigation  in  rainy  years  and  fail 
disastrously  in  dry  years. 

Irrigation  in  the  American  West  was  prac- 
ticed to  some  extent  in  prehistoric  times. 
White  settlers  employed  it  in  New  Mexico 
toward  the  end  of  the  seventeenth  century 
and  in  California  a  hundred  years  later.  In 
modern  times  it  had  its  greatest  expansion 
after  the  passage  of  the  Federal  Reclamation 
Act  in  1902,  empowering  the  Federal  Govern- 
ment to  build  reservoirs  and  canals  on  public 
lands.  At  the  time  of  the  last  census  only  14 
million  out  of  168  million  crop-bearing  acres 
in  the  17  Western  States  were  irrigated  of 
which  5,000,000  acres  were  in  the  Mississippi 
Basin. 

About  one-third  of  the  Western  irrigated 
lands  is  controlled  by  individuals  or  informal 
partnerships;  another  third  is  supplied  through 
cooperative  or  mutual  enterprises;  about  one- 
sixth  is  served  through  irrigation  districts; 
Federal  irrigated  lands  account  for  about 
one-tenth,  and  the  small  remaining  fraction  is 
dependent  on  commercial  irrigation  systems. 

The  costs  vary  widely.  The  average  for  all 
irrigated  lands  in  the  United  States  is  $68  an 
acre  for  capital  investments,  in  the  Mississippi 
Basin  only  $25  an  acre.  Wliatever  the  auspices 
under  which  irrigation  is  undertaken  some  sys- 
tem of  long-term  payment  usually  has  to  be 
arranged.  Irrigation,  on  public  as  well  as 
private  lands,  has  been  the  ruin  of  many  a 
farmer  who  started  out  with  insufiicient  capital 
or  who  could  not  keep  up  his  cash  income. 
Nearly  every  private  irrigation  enterprise  has 
been  in  diflficulties  at  one  time  or  another,  and 
on  the  Federal  projects  it  has  been  necessary 
to  extend  the  time  allowed  for  repayment  of 
capital  charges  from  the  original  10  years  to 
20  and  finally  to  40  years. 

Neither  the  agricultural  situation  as  a  whole 
nor  the  situation  on  the  irrigated  lands  justifies 
Federal  action  to  extend  the  irrigated  area. 
Where  necessary,  however,  steps  should  be 
taken  to  protect  investments  in  irrigation  works 
and  irrigation  farms  from  deterioration.  Irri- 
gation should  be  studied  in  connection  with  the 
recommended  national  program  of  land  uses. 
Particularly  should  there  be  more  accurate 
estimates  of  costs  and  profits.  These  studies 
should  include  irrigation  practice  in  the  or- 
dinarily humid  regions  of  the  East  and  South, 
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where  a  supplementary  water  supply  has  been 
found  useful  for  producing  certain  crops  on 
individual  farms.  In  Arkansas  and  Louisiana, 
for  example,  about  161,000  UTigated  acres  are 
devoted  to  rice  cultiu-e. 

Supplementary  irrigation  of  this  sort  may  be 
aided  by  the  use  of  electric  power  for  pumping 
during  the  off-peak  night  hours.  Natural 
lakes,  ponds,  streams,  and  subsurface  waters 
not  available  by  natural  flow  may  thus  be 
economically  utilized.  In  regions  where 
natural  ponds  and  perennial  streams  are  scarce 
the  wet-season  flow  might  be  conserved  in 
artificial  ponds  or  reservoirs.  It  is  believed 
that  detailed  cost  studies  would  justify  this 
experiment. 

Forestry:  "The  history  of  the  American  for- 
ests has  been  one  of  exploitation,  depletion, 
and,  on  large  areas,  actual  devastation."  Fires 
have  supplemented  shockingly  wasteful  meth- 
ods of  cutting  as  agents  of  destruction.  In 
the  Mississippi  Basin  about  40  percent  of  the 
land  was  originally  forested.  Only  about  20 
percent  is  now  rated  as  forest  land,  and  of  tliis 
a  large  portion  consists  of  cut-over  land  or 
second  growth  of  httle  or  no  present  commer- 
cial importance.  Eighty  percent  of  the  forest 
areas  of  the  entire  United  States  is  privately 
owned,  and  nearly  50  percent  is  held  by  com- 
mercial owners,  who  for  various  reasons  have 
been  slow  to  apply  the  principles  of  scientific 
forestry  to  their  properties.  About  25  percent 
is  still  without  adequate  fire  protection.  Pri- 
vate ownersliip,  as  a  means  of  maintaining  the 
forests  in  productive  condition,  has  broken 
down. 

The  National  Forests,  about  25  percent  of 
which  lie  within  the  Mississippi  Basin,  now 
include  165,000,000  acres.  Forest  lands  ac- 
quired by  31  States  and  by  a  considerable 
number  of  counties  and  towns  have  reached  a 
total  of  about  11,000,000  acres.  As  the  result 
of  a  recent  survey  of  the  situation  the  Forest 
Service  has  recommended  that  about  225,000,- 
000  additional  acres  of  forest  be  brought  under 
public  ownership — about  60  percent  by  the 
Federal  Government  and  about  40  percent  by 
the  States  and  local  governmental  units. 

The  mere  acquisition  of  public  forests  is  ad- 
mittedly not  enough.  Cooperative  protection 
from  fires,  insects  and  diseases;  scientific  plant- 
ing programs;  erosion  control;  more  equitable 
systems  of  taxation;  public  credit  for  the  im- 
provement of  private  lands;  continuing  re- 
search; and  a  general  economic  survey  of 
forests  should  be  parts  of  a  national  forest 
program.     A  permanent  pohcy  of  regulation 


for  privately  owned  forests,  embodying  some  Summary 
of  the  provisions  of  the  N.R.A.  Lumber  Code, 
should  be  adopted.  In  return  for  public  assist- 
ance of  the  nature  described  private  owners 
may  justly  be  required  to  maintain  their  hold- 
ings with  due  regard  to  the  public  interest. 

The  cost  of  the  procedure  recommended  by 
the  Forest  Service  would  be  about  $47,000,000 
a  year  for  20  years  for  the  acquisition  and 
improvement  of  forest  lands,  and  about  $27,- 
000,000  a  year  for  20  years  for  other  purposes. 
This  national  plan  would  be  well  adapted  to  meet 
the  regional  needs  of  the  Mississippi  Valley. 

Recreation:  Year  by  year  recreation  is  be- 
coming a  larger  factor  in  any  plan  for  land  and 
water  uses.  Commercial  recreation,  in  city  and 
country  alike,  has  become  a  major  industrj^, 
but  it  does  not  meet  all  the  needs  of  all  the 
people.  Pubhc  recreational  opportunities  are 
offered  in  the  National  Forests,  in  the  6,000,000 
acres  of  the  National  Parks,  in  the  6,000,000 
acres  of  State  paries  and  forest  preserves,  in  the 
many  State  and  national  wildlife  preserves, 
and  in  numerous  city  parks  and  a  few  county 
parks.  But  these  opportunities  should  be 
greatly  enlarged.  In  particular,  the  possibihties 
of  a  recreational  byproduct  of  any  develop- 
ment of  water  uses  should  be  studied.  Recrea- 
tion is  a  necessity,  not  a  luxury.  It  should 
have  parity  with  other  necessities. 

A  national  recreation  pohcy,  adapted  to  the 
Mississippi  Valley  but  appUcable  everywhere, 
should  include  a  comprehensive  examination 
of  all  recreation  problems  and  areas;  a  definite 
distribution  of  responsibihty  between  the 
Federal  and  other  governmental  agencies  on 
the  one  hand  and  private  interests  on  the  other; 
the  coordination  of  such  Federal  activities  as 
touch  on  recreation;  the  extension  of  "\vilder- 
ness  areas";  the  recognition  of  recreation  as  a 
motive  for  acquiring  new  Federal  lands  not 
suitable  for  National  Parks  or  National  Forests; 
provision  for  new  National  Parks  where  the 
proper  standards  can  be  met,  and  for  additions 
to  existing  Parks;  and,  in  general,  more  liberal 
appropriations  for  recreation  in  the  Parks  and 
Forests. 

Wildlife  Conservation:  Wildlife  has  been  in- 
creasingly depleted  with  the  increase  and 
spread  of  population.  Excessive  kUling  and 
the  destruction  of  natural  habitats  have  been 
jointh'  responsible.  In  recent  years,  however, 
the  cause  of  conservaton  has  been  advanced  by 
private  associations,  by  civic  organizations, 
and  by  scientific  and  educational  institutions. 
State  and  Federal  legislation  has  been  improved 
and  an  intelhgent  pubhc  opinion  stimulated.        7 
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Wildlife  is  public  rather  than  private  prop- 
erty. A  wildlife  program  for  the  Federal 
Government  should  include  the  acquisition  of 
refuges  and  preserves,  as  recommended  early 
in  1934  by  the  President's  Committee  on  Wild- 
life Restoration;  larger  appropriations  for  con- 
servation activities;  common  action  of  all 
water-use  agencies  with  the  Biological  Survey 
to  protect  migrator}^  waterfowl;  an  enlarged 
research  program;  education;  leadership  in 
suppressing  diseases  and  other  dangers  to  wild- 
life; and  liberal  financial  support  for  the  pro- 
tection of  the  inland  fisheries. 
IV.  The  Great  Basins 

So  far  we  have  been  considering  the  problems 
of  water  uses  and  related  land  uses  insofar 
as  they  are  applicable  to  the  Valley  as  a  whole. 
If  we  subdivide  the  Valley  into  five  Basins  or 
Regions  we  find  that  each  has  problems  wliicli 
make  it  desirable  to  treat  it  as  a  unit.  These 
regional  problems,  however,  should  be  looked 
at  against  the  background  of  the  general  water 
problems  of  the  Valley.  Of  these,  erosion  has 
already  been  treated. 

The  situation  with  regard  to  rainfall  and 
run-off  and  ground  water  and  the  water  table 
maj^  be  briefly  indicated. 

Rainjall  and  Rvn-ojf:  Probably  nowhere  in 
the  world  within  a  comparable  area  is  there 
more  diversity  in  these  respects  than  is  en- 
countered in  the  Mississippi  Valley.  West  of 
the  general  line  of  the  one  hundredth  meridian 
the  chmate  is  normally  arid  or  semiarid;  East 
of  that  line  it  is  normally  humid.  Area  for 
area  the  Ohio  Valley  has  twice  as  much  pre- 
cipitation as  the  Valley  of  the  Missouri.  In 
drought  years  like  1934  the  arid  chmate  may 
temporarily  sweep  far  Eastward  into  the  very 
heart  of  the  Valley.  There  is  no  reason  to 
beheve,  however,  that  over  long  periods,  the 
average  precipitation  either  decreases  or  in- 
creases. 

The  amount  of  run-off  varies  with  the  rain- 
fall, the  amount  and  character  of  the  vegeta- 
tion, and  the  nature  of  the  soil.  For  the  Valley 
as  a  whole  less  than  half  the  water  precipitated 
as  rain  or  snow  is  carried  to  the  sea;  in  the 
Great  Plains  region  the  proportion  may  be  20 
percent,  or  even  less,  while  East  of  the  Missis- 
sippi it  averages  between  35  and  45  percent. 
West  of  the  Mississippi  half  the  annual  pre- 
cipitation occurs  during  the  four  months  from 
April  through  July;  in  the  Eastern  part  of  the 
Valley  it  is  more  evenly  distributed.  The 
flood  season  fortunately  varies  in  different  sec- 
tions of  the  Valley,   but  melting  snow  and 


Spring  rains  make  the  months  from  December         Summary 
through  April  the  most  critical  in  this  respect. 

Ground  Water  and  the  Water  Table:  The 
"ground  water  table"  is  the  name  given  to  the 
level  at  which  water  normally  lies  beneath  the 
surface.  A  fall  in  the  water  table  is  a  serious 
matter  for  any  population  wliich  depends,  as 
probably  95  percent  of  the  population  of  the 
Mississippi  Valley  outside  the  larger  cities 
does,  on  subsurface  water. 

There  is  no  conclusive  evidence  that  a 
serious  decline  in  ground  water  levels  has  taken 
place  generally  in  the  more  humid  parts  of  the 
basin.  On  the  other  hand  a  progressive 
decline  has  taken  place  in  North  Dakota,  the 
Eastern  part  of  South  Dakota,  Nebraska, 
Kansas,  Western  Minnesota,  Western  Iowa, 
and  Western  Missouri.  The  new  evidence  for 
tills  decline  is  based  on  a  questionnaire  to 
which  1,482  well  drillers  in  the  sections  men- 
tioned sent  repUes.  The  data  indicated  that 
during  average  periods  ranging  from  10  to  44 
years  there  has  been  a  ground  level  drop  of 
more  than  10  feet  in  Nebraska,  Minnesota, 
Iowa,  and  the  Dakotas,  and  of  somewhat  less 
than  that  average  in  Kansas  and  Missouri. 

Averages,  of  course,  tend  to  conceal  the 
seriousness  of  some  local  situations.  Large 
areas  in  the  Western  part  of  North  Dakota 
show  a  drop  of  more  than  20  feet;  in  Minne- 
sota the  decline  ranges  from  10  to  20  feet,  in 
South  Dakota  from  10  to  35  feet,  in  Nebraska 
from  10  to  more  than  20  feet,  on  the  Missouri- 
Mississippi  divide  in  Iowa  from  20  to  30  feet. 
The  diminishing  flow  of  artesian  wells,  due  to 
wasteful  methods  of  construction  and  main- 
tenance, led  the  Legislatiu-e  of  North  Dakota 
to  pass  an  artesian  water  conservation  law  as 
far  back  as  1921.  Some  benefit  has  already 
resulted,  but  the  artesian  water  head  in  North 
Dakota  has  fallen  at  the  rate  of  a  foot  a  year 
for  the  past  18  years.  In  South  Dakota  there 
has  been  a  drop  of  at  least  40  feet  in  20  years. 

The  water  level  obviously  depends  on  the 
amount  of  rainfall  (although  because  of  un- 
dergroimd  movements  rainfall  in  one  region 
may  affect  water  levels  in  another),  on  changes 
in  surface  conditions  allowing  more  or  less 
water  to  sink  into  the  ground,  and  on  the 
amount  of  withdrawals.  In  most  of  the 
States  mentioned  the  fall  of  the  water  table 
has  been  accompanied  by  the  lowering  or 
drjTng  up  of  springs,  ponds,  lakes,  and  streams. 

Since  there  is  no  known  way  of  increasing 
the  rainfall,  ground  water  should  be  conserved 
by  economical  use  and  added  to  by  methods 
of  cultivation   that   will   diminish   the   direct        9 
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surface  run-off.  Conditions  undoubtedly  war- 
rant an  immediate  and  comprehensive  inves- 
tigation to  determine  the  critical  facts  for 
those  portions  of  the  basin  where  subsurface 
water  resources  are  of  paramount  importance. 
The  Upper  Mississippi 

The  Upper  Mississippi  Basin  is  that  part  of 
the  Mississippi  Valley  lying  North  of  the 
mouths  of  the  Ohio  and  Missouri.  It  includes 
about  15  percent  of  the  land  area  of  the  Valley. 
Because  their  economic  problems  are  sunilar 
the  present  study  includes  parts  of  the  Hudson 
Bay  and  Great  Lakes  basins.  This  enlarged 
area  has  a  population  a  little  less  than  that 
of  the  Oliio  Valley  and  a  little  less  than  one- 
third  that  of  the  entii-e  Mississippi  Valley.  Its 
percentage  of  land  in  crops  is  nearly  tmce  the 
average  for  the  United  States.  It  produces 
80  percent  of  the  nation 's  iron  ore,  1 1  percent 
of  the  coal,  10  percent  of  the  copper,  and  16 
percent  of  the  manufactured  goods.  Obvi- 
ously the  latter  figures  would  be  greatly 
reduced  if  the  Great  Lakes  drainage  area  were 
excluded.  The  economic  culture  of  the  region 
is  high  but,  as  the  economic  map  in  the  body 
of  the  report  shows,  very  unevenly  distributed. 

Water  is  an  important  but  not  a  dramatic 
factor.  The  land  is  fairly  level;  parts  of  it,  in 
Ilhnois  particularly,  form  one  of  the  most 
nearly  level  areas  in  the  United  States.  The 
ice  age  left  thousands  of  pockets  in  north- 
western Wisconsin  and  northern  Minnesota, 
accounting  for  13,000  existing  fresh-water  lakes 
and  numerous  swamps  and  iiiarshes.  Almost 
the  whole  region  lies  in  the  humid  belt,  with 
a  rainfall  ranging  from  18  inches  in  the  north- 
west to  42  inches  in  the  southeast.  The 
drought  of  1934  upset  these  averages  and  in 
some  sections  caused  considerable  losses.  The 
northwestern  section  hes  in  an  area  in  which 
the  ground-water  level  has  been  seriously 
lowered.  Navigation  projects  on  the  Upper 
Mississippi  system  have  cost  the  Federal  Gov- 
ernment, to  June  1934,  a  total  of  more  than 
$126,000,000  for  construction  alone,  to  wliich 
the  completion  of  existing  projects  will  add 
another  $91,000,000.  At  the  present  no  strictly 
economic  justification  can  be  found  for  this 
expenditure;  it  is  possible  that  the  future  will 
tell  a  different  story.  The  water-power  poten- 
tial is  not  high.  Listed  projects  indicate  a 
total  of  about  800,000  kilowatts.  Drainage  is 
a  serious  problem  in  the  flat  lands  of  the 
valleys  of  the  Red  River  and  the  Ilhnois  River. 
Because  of  the  sluggish  flow  of  most  of  the 
streams  water  supply  and  sanitation  present 
grave  difficulties.     As  an  outstanding  example, 


the  city  of  Chicago,  drawing  its  domestic  water 
from  Lake  Michigan,  is  hard  put  to  it  to  dispose 
of  its  sewage  and  waste.  The  disposal  of  indus- 
trial waste  is  a  Imotty  problem  also  for  St. 
I'aul,  Minneapohs,  and  numerous  lesser  cities. 

Erosion  is  at  work  throughout  the  region, 
with  an  especially  serious  situation  in  an  area 
extending  from  southwestern  Wisconsin  to 
northeastern  Iowa,  and  from  southwestern 
Minnesota  to  northwestern  Ilhnois;  and  in  a 
second  area  in  southeastern  Iowa  and  north- 
eastern Missouri.  Floods  are  usually  local  in 
character,  doing  damage  in  the  wet  and  poorly 
drained  valleys.  Heavy  losses  are  sometimes 
caused  when  the  Illinois  River  levee  system 
breaks.  These  levees  should  be  set  back  and 
strengthened  and  much  of  the  now  cultivated 
bottom  land  set  aside  for  reforestation,  bird 
refuges,  and  reservoirs. 

The  economic  culture  map  indicates  that 
prosperity  in  the  region  is  decidedly  spotty. 
Sometimes  undrained  marsh  lands,  drought, 
erosion,  or  a  lowered  water  table  may  be  re- 
sponsible for  a  low  economic  status.  The 
decline  of  the  copper  industry  or  the  competi- 
tion of  cheap  oil  and  gas  with  the  local  coal 
supply  may  cause  an  economic  recession,  as  in 
two  instances  in  this  area.  In  some  areas  the 
draining  of  infertile  lands  has  proven  to  be  an 
economic  blunder  of  the  first  magnitude. 

The  bright  side  of  the  picture  is  that  con- 
structive planning  is  already  under  way  more 
or  less  effectively  in  all  the  states  of  the  region, 
notably  in  Wisconsin  and  Minnesota.  No  new 
projects  calling  for  Federal  participation  are 
recommended,  but  the  Committee  beheves 
that  a  imique  opportunity  exists  for  Federal, 
State,  and  local  participation  in  a  general 
regional  planning  program  which  might  serve 
as  a  model  for  other  areas. 
The  Ohio  Basin 

The  Ohio  River  contributes  to  the  Mississippi 
a  minimuni  flow  of  25,000  cubic  feet  per  second, 
a  maximum  flow  which  has  gone  as  high  as 
_1, 500,000  second-feet,  and  a  normal  flow  of 
between  250,000  and  300,000  second-feet.  On 
the  average  its  flow  is  more  than  one-half  that 
of  the  Mississippi  below  Cah'o.  Rarely  do  its 
waters  fall  so  low  as  to  hinder  navigation  or 
other  necessary  uses.  At  long  intervals,  usu- 
ally a  generation  or  more  apart,  it  sends  down 
huge  and  desti'uctive  floods. 

The  area  of  the  Basin  is  about  one-sixth  of 
that  of  the  Mississippi  Valley,  its  population 
more  than  one-third  that  of  the  Valley,  the 
living  standards  of  its  people  equal  to  or  a 
little  above  the  national  average.     Its  annual 


jricultural  product,  amounting  to  about  two 
Qlion  dollars,  supports  a  farm  population  of 
]out  five  million  people.  Its  manufacturing 
itput  is  more  than  four  times  as  great.  In 
:neral  the  industrial  centers  are  north  of  the 
bio  River,  and  the  highest  living  standards 
ist  there.  South  of  the  Ohio  the  predom- 
antly  rural  section  has  a  considerably  lower 
indard  of  living. 

We  have  here  the  regional  phases  of  many  of 
e  general  problems  of  the  Mississippi  Valley — 
ose  having  to  do  with  arid  conditions  ex- 
pted.     Complete  flood  control  of   the  main 
'er  is  difficult  if  not  impossible.     Effective 
atrol  on  some  of  the  tributaries  is  perfectly 
isible.     In  the  body  of  the  present  report  a 
3gram  is  suggested  for  thirteen  new  flood- 
control  projects,  in  addition  to  the  two  already 
approved.     The    total    cost    of    these    fifteen 
projects  would  be  $117,000,000,  of  which  it 
is    suggested    that    the    Federal    Government 
furnish  about  $61,000,000.    Further  surveys  are 
needed,   both   for  flood   control  and  for  low- 
water  control. 

The  extensive  use  of  the  Ohio  system  for 
navigation  is  indicated  by  the  fact  that  the 
Monongahela  alone  leads  all  the  inland  rivers 
of  the  United  States  in  traffic,  and  that  the 
Ohio  itself  carries  more  than  the  Mississippi. 
Coal,  coke,  sand  and  gravel,  iron  and  steel, 
and  petroleum  are  the  principal  commodities 
carried.  With  costs  to  the  Federal  Govern- 
ment for  improving  and  maintaining  channels 
ranging  from  one  mill  for  each  ton-mile  on  the 
Monongahela  to  23.2  cents  per  ton-mile  on  the 
Big  Sandy  it  is  clear  that  some  of  the  river 
improvements  in  the  Basin  have  justified  them- 
selves and  that  others  have  passed  their  peak 
of  usefulness.  There  is  a  middle  group  whose 
future  status  should  be  determined  by  further 
inquiry.  It  is  suggested  that  a  study  be  made 
to  determine  if  it  would  be  practicable  to 
levy  shipping  charges  for  the  special  services 
and  facilities  now  provided  at  government 
expense.  New  navigation  projects  may  well 
wait  such  determination. 

The  Ohio  Valley  will  probably  double  its 
demands  for  power  within  the  next  20  years. 
That  is  to  say,  it  wi\l  probably  need  in  1955 
about  twice  the  17  biffion  kilowatt-hours  con- 
sumed in  the  peak  year  of  1929.  At  present 
only  14.8  percent  of  its  installed  electric 
generatoi's  are  waterdriven.  Since  the  Basin 
contains  large  coal  deposits  water  power  must 
meet  keen  competition,  and  it  seems  better  to 
wait  further  developments,  including  those 
now   being  made   by   the    Tennessee    Valley 


Authority,    before    making    recommendations       Summary 
for  specific  power  projects  on  the  Ohio  and  its 
tributaries. 

Erosion  is  at  work  in  the  Ohio  Basin  as  it  is 
elsewhere  in  the  Great  Valley.  Four  demon- 
stration stations  have  been  estabhshed  by  the 
Erosion  Service  within  the  Basin  and  work  is 
being  done  by  C.C.C.  units  in  fUhng  up  gullies. 
Beyond  these  undertaldngs  erosion  control 
must  await  the  carrjing-out  of  the  urgently 
needed  national  program. 

Water  supply  has  been  a  problem  this  year 
in  parts  of  the  Ohio  Valley,  but  more  urgent  is 
the  question  of  the  disposal  of  sewage  and 
industrial  waste.  Planning  for  the  future 
should  balance  the  demand  for  "quahty  water" 
for  domestic  use  against  quantity  demand  for 
flushing  sewers  and  carrying  away  factory 
waste.  The  Federal  Government  should  ex- 
tend its  surveys  of  streams  and  other  sources 
and  help  in  educating  the  public  in  the  need  of 
protecting  water  supphes  and  preventing  pollu- 
tion. 

The  Basin  is  lacking  in  natural  lakes  and 
ponds  but  otherwise  offers  many  facilities  for 
recreation — not  without  reason  did  the  French 
call  the  Ohio  the  "Beautiful  River".  Here, 
as  elsewhere,  the  recreational  purpose  can  and 
should  be  combined  with  power,  flood  control 
and  navigation  projects.  An  example  worth 
imitating  is  that  of  the  Miami  Conservancy 
District,  where  a  total  area  of  between  1,500 
and  2,000  acres,  in  tracts  adjohiing  four  dams, 
has  been  designated  for  public  use  as  camping 
and  picnic  grounds. 
The  Missouri  Basin 

Exceeding  in  size  the  combined  areas  of 
Germany,  France,  and  Italy,  the  Missouri 
Basin  has  43  percent  of  the  land  in  the  Missis- 
sippi drainage  area  but  only  a  little  more  than 
15  percent  of  the  population.  It  contains  parts 
of  four  of  the  major  physical  divisions  of  the 
United  States:  the  Ozark  Plateau,  the  Central 
Lowland,  the  Great  Plains,  and  the  Rocky 
Mountains. 

In  the  Eastern  third  of  the  Basin  are  found 
most  of  the  population  and  nearly  all  the  large 
cities  and  manufacturing  industries.  Forty 
percent  or  more  of  this  zone  is  normally  crop- 
ped with  winter  wheat  and  corn  dominant  in 
the  South  and  spring  wheat  in  the  North. 
With  certain  exceptions  the  soil  is  fertile  and 
agriculture  is  relatively  stable. 

West  of  tliis  section  lies  the  great  middle  zone, 
a  true  "Land  of  Little  Rain",  in  which  cities 
are  few  and  smaU,  and  where  the  agricultural 
front  has  been  held  at  great  hazard  and  often        1 1 
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Summary  with  heavy  loss.  The  dry  fanning-  and  iiriga- 
tion  farming  problems  of  this  region  are  many 
and  the  solutions  still  seem  far  ahead. 

The  third  and  westernmost  zone  includes 
the  foothills  and  ridges  of  the  Rocky  Moun- 
tains and  adjacent  plains.  Here,  on  the  East- 
ern slopes  of  the  Continental  Divide,  mining 
and  irrigation  agriculture  have  produced  "is- 
lands" of  growing  population  in  the  sea  of 
sparsely  settled  mountainous  areas  and  semi- 
arid  plains.  The  petroleum  industry,  probably 
now  near  its  peak  in  this  region,  and  the  coal 
industry,  witli  most  of  its  probable  develop- 
ment still  iihcail,  are  factors  making  for  growth. 

A\'at('r,  whctlier  as  a  flood  menace  or  as  the 
very  lifeblood  of  the  region,  is  a  vital  factor 
in  all  three  zones.  Flood  control  is  a  problem 
in  the  headwater  areas  and  in  the  Kansas 
River-Lower  Missouri  area.  The  flood  prob- 
lem in  and  around  the  two  Kansas  Citys  is  the 
most  serious  in  the  Basin  and  one  of  the  most 
serious  in  the  United  States.  High  water  here 
may  paralyze  one  of  the  nation's  chief  trans- 
portation centers.  The  feasibility  of  local 
levee  protection  seems  doubtful.  The  Kiro 
dam  is  considered  impracticable.  It  is  recom- 
mended that  an  immediate  technical  and  eco- 
nomic survey  be  made  cooperatively  by  Federal 
and  local  interests  in  order  to  determine  the 
practicability  of  controlling  floods  on  the  Kan- 
sas (or  Kaw)  River,  and  that  steps  be  taken  to 
form  an  interstate  conservatory  district  which 
may  participate  with  the  Federal  Government 
in  any  flood-control  measures  undertaken. 

It  is  estimated  that  about  950,000  acres  of 
land,  capable  of  supporting  a  farm  population 
of  about  75,000,  might  be  reclaimed  in  the 
Missouri  Basin  through  irrigation.  Certain 
of  these  projects  shoidd  be  studied,  with  the 
Federal  Government  bearing  half  the  cost  of 
the  surveys  and  participating  in  whatever 
enterprises  may  be  found  worth  while.  Other 
irrigated  areas  which  are  suflfering  from  seri- 
ous water  shortages  require  supplemental 
works.  In  general,  however,  a  further  exten- 
sion of  irrigation  cannot  be  expected  to  con- 
tribute in  a  large  way  to  the  general  welfare  of 
the  Basin. 

A  regional  regulation  of  streams  to  insure  a 
dependable  domestic  water  supply  and  guard 
against  pollution  is  desirable.  Denver  and  its 
neighboring  communities  are  now  facing  a 
water  shortage,  and  in  the  Dakotas,  as  has  been 
pointed  out,  there  has  been  a  marked  and  dis- 
astrous drop  in  the  water  table.  Although  the 
jM-oject  to  divert  flood  waters  of  the  Missouri 
12        into  North  Dakota  is  not  feasible,  it  is  recom- 


mended that  the  Federal  Government  bear 
part  of  the  cost  of  surveying  and  constructing 
stream  regulation  works  for  groups  of  com- 
munities which  will  organize  responsible  con- 
s(>ivaiicy  districts.  The  Government  should 
also  encourage  the  drilhng  of  deep  wells  which 
in  the  Dakotas  should  afford  some  rehef  in 
times  of  water  scarcity. 

Altl -Ii  l.nvc  -iMiis  have  been  spent  in  im- 

provini;-  channels  aiuni;  the  Missouri  system  the 
commercial  usefulness  of  the  river  has  not  been 
great  as  yet.  Until  the  value  of  further  im- 
provements, costing  about  $250,000,000,  is  de- 
termined, no  further  projects  are  recom- 
mended. It  is  recommended  that  the  Osage 
River  project  be  abandoned. 

The  undeveloped  water  power  in  the  Basin 
is  estimated  at  2,1 10,000  kilowatts.  No  water- 
power  projects  are  recommended  for  present 
development,  but  it  is  urged  that  power  sites 
on  Federal  lands  shall  not  be  allowed  to  come 
under  private  ownership.  Attention  is  called, 
however,  to  an  apparently  exceptional  oppor- 
tunity for  cooperatively  planned  social  better- 
ment in  the  Black  Hills  Region,  through  the 
medium,  in  part,  of  an  abundant  supply  of  low- 
priced  power.  A  proposed  "mouth  of  the 
mine"  steam  plant  at  Gillette,  Wyoming,  may 
be  able  to  furnish  the  required  power.  A 
thorough  technical  and  social  investigation  of 
this  possibility  is  earnestly  recommended. 

Recreational  facilities  are  abundant  on  the 
slopes  of  the  Rocky  Mountains  but  are  rela- 
tively restricted  on  the  Great  Plains  and 
Eastern  Lowlands,  and  in  the  latter  areas  it  is 
particularly  desu-able  that  they  should  be  de- 
veloped in  harmony  with  the  national  policy 
already  outlined. 

In  the  body  of  the  report  six  project  areas  in 
tiie  Basin  are  discussed.  In  these,  nudtiple- 
purpose  planning  should  be  considered,  with 
attention  to  the  social  and  economic  needs  of 
the  people  as  the  key  to  whatever  is  done. 
The  Southwest  Basins 

The  valleys  of  the  Red,  Arkansas,  White  and 
Ouachita  Rivers,  containing  more  than  one- 
fifth  of  the  total  area  of  the  Mississippi  Valley 
and  having  only  about  one-sixth  of  the  poijula- 
tion,  are  still  under])opulated.  They  ofter 
pioneering  opportunities  hard  to  (ind  in  any 
other  part  of  the  United  States.  Not  only 
is  there  much  good  agricultural  land,  but  the 
basins  are  rich  in  gold,  silver,  petroleum,  and 
other  underground  resources.  Almost  every 
kind  of  crop  can  be  produced  somewhere  in  the 
region,  with  the  Arkansas  Valley  marking  the 
Northern  boundary  of  the  cotton  belt  as  well 


as  "the  boundary  of  cultures  where  North  and 
South  meet." 

Hydroelectric  developments  in  the  steep 
western  reaches  of  the  rivers  will  be  of  great 
importance  in  developing  the  whole  territory. 
At  the  same  time  there  is  a  need  for  flood  pro- 
tection in  the  form  of  levees,  channel  improve- 
ments, spillways  or  reservoirs  further  down. 
In  the  Western  portions  of  all  four  rivers  the 
water  supply  requires  to  be  conserved;  in  the 
Eastern  portions  it  must  be  regulated  and 
controlled. 

Flood  control  is  a  serious  problem  on  the  Red 
River  below  Denison;  along  a  large  part  of  the 
channel  of  the  Arkansas;  on  the  lower  stretches 
of  the  Wliite,  which  are  subject  to  backwater 
flow  from  the  Mississippi,  and  in  the  Ouachita 
Basin,  w'hich  in  flood  time  may  receive  back- 
water or  overflow  from  the  Mississippi,  the 
Red,  and  the  Arkansas. 

Water-power  developments  in  the  region  face 
competition  from  steam  power  produced 
cheaply  from  coal,  oil,  or  gas.  At  the  same  time 
the  fact  that  nearly  half  the  population  hves 
on  farms  and  that  only  five  percent  of  the  farm 
homes  use  electricity  indicates  one  large  poten- 
tial market  for  power.  Six  hundred  thou- 
sand horsepower  could  be  developed  along 
the  Red  River  system;  the  Arkansas  is  still 
wholly  undeveloped  along  its  mam  stem; 
the  Wliite  River  can  produce  about  three- 
quarters  of  a  milhon  horsepower;  and  there 
are  partly  exploited  possibihties  on  the  Upper 
Ouachita. 

Navigation  is  possible  on  all  four  streams  for 
varying  distances,  and  a  considerable  amount  of 
Federal  money  has  been  spent  on  channel  im- 
provements, but  the  actual  use  made  of  these 
facilities  is  minor  and  no  further  improvements 
are  recommended.  Irrigation  is  important  on 
the  western  stretches  of  the  Red  and  Arkansas 
Rivers  and  in  lower  sections  of  the  Red  River 
devoted  to  rice  culture.  A  thorough  study 
of  potential  water  supply  and  sanitation  re- 
quirements is  recommended  in  order  to  meet 
the  needs  of  the  growing  population.  Forestry 
is  important  chiefly  in  the  Eastern  section,  and 
nmch  of  the  best  forest  land  has  been  cut  over. 
Outdoor  recreation  has  been  inadequately  pro- 
vided for,  and  should  be  included  in  any  com- 
prehensive plan  for  the  development  of  the 
Southwest  Basins 

In  the  body  of  the  report  will  be  found  a 
classified  list  of  projects  for  power,  navigation, 
irrigation,  water  supply,  and  recreation.  From 
this  list  it  will  be  possible  with  little  delay  to 
select  projects  which  are  consistent  with  the 


general  plan  of  Mississippi  Valley  development        Summary 
as  conceived  by  the  present  committee. 
The  Lower  Mississippi 

The  Lower  Mississippi  Valley  contains  some- 
thing more  than  one-twelfth  of  the  population 
of  the  Mississippi  Basin,  and  its  area  is  some- 
what over  one-tw^entieth  that  of  the  entire 
Basin.  Sixty  percent  of  the  population  live  in 
the  Alluvial  Valley  or  Delta,  and  40  percent 
in  the  uplands.  The  lowlands  are  fertile  and 
capable  of  supporting  a  far  larger  population 
than  they  actually  do;  the  uplands  are  perhaps 
overpopulated  in  proportion  to  their  resources. 

In  both  sections  about  two-tlurds  of  the 
population  is  rural  and  about  half  depends 
directly  on  agriculture.  The  key  to  the  future 
of  the  area  as  a  whole  lies  in  the  Alluvial  Valley, 
and  the  key  to  the  future  of  the  Alluvial  Valley 
is  dependent  on  the  solution  of  the  flood 
problem.  Further  economic — and,  it  may  be 
added,  social — developments  there  must  of 
necessity  be  restricted  for  the  most  part  to  be 
protected  areas.  Under  the  Adopted  Plan  for 
Lower  Mississippi  flood  protection  about  half 
the  Delta  area  is  now  safe  from  the  waters  of 
the  main  river.  The  Federal  Government, 
which  provides  the  protection,  has  a  vital 
interest,  as  it  has  a  vital  influence,  in  the  nature 
of  the  economic  and  social  life  that  its  work 
makes  possible. 

The  protected  lands  of  the  Delta  should  be 
capable  of  supporting  a  lughly  prosperous  rural 
society;  actually  cash  incomes  are  strikingly 
low,  Uving  conditions  are  substandard,  and 
farm  tenancy  has  increased  until  about  80  per- 
cent of  all  farm  operators  now  are  tenants.  If 
new  Delta  lands  are  to  be  developed  and  pro- 
tected a  program  should  be  worked  out,  under 
Federal  auspices,  which  wall  enable  farm  oper- 
ators to  acquire  ownership  and  which  w'ill  raise 
the  general  standard  of  living. 

If  we  consider  types  of  land  areas  in  the 
region  as  related  to  water  problems  we  find 
erosion  in  the  uplands  a  critical  factor,  with 
conditions  and  proposed  remedies  similar  to 
those  described  earlier  in  the  present  summary. 
In  the  protected  Delta  lands  drainage  involves 
serious  difficulties — so  serious,  indeed,  that  a 
third  of  the  land  now  protected  from  all  floods 
still  remains  unoccupied.  There  is  an  abun- 
dant water  supply,  but  pollution  and  the  dis- 
posal of  sewage  are  problems  in  many  areas. 
Navigation  on  the  tributary  streams  is  of  slight 
importance,  despite  costly  channel  improve- 
ments. Navigation  on  the  Mississippi  itself  has 
been  dechning  since  1926.  In  view  of  the  fact 
that  the  Federal  Government  has  spent  or  au-        13 


Summary  thorized  the  spending  of  about  $190,000,000  for 
improving  the  channel  between  New  Orleans 
and  Cairo  an  inquiry  as  to  whether  or  not 
sliippers  should  bear  a  portion  of  the  cost  is 
highly  desirable. 

Flood  control  on  the  main  river  involves:  the 
levee  system,  now  more  than  two  centuries 
old;  recent  experimenls  with  floodways,  into 
which  flood  waters  not  containable  wdthin 
any  existing  or  conceivable  levee  system  may 
be  automatically  diverted;  attempts  at  chan- 
nel stabihzation;  and  an  expenditure,  since 
1928,  of  more  than  $300,000,000.  The  sys- 
tem of  "fuse  plug"  levees  and  projected  spill- 
ways brings  up  questions  of  equities  in  the 
lands  which  would  thus  be  flooded;  these 
questions  should  be  settled  with  as  Uttle 
delay  as  is  consistent  with  fairness  to  all  con- 
cerned and  a  definite  floodway  pohcy  and 
program  entered  upon. 

Three  specific  projects,  in  the  Yazoo  Basin, 
in  the  St.  Francis  Basin,  and  in  the  Black 
River  Basin,  are  discussed  in  the  body  of  the 
report.  It  is  recommended  that  studies  for 
the  development  of  these  areas  be  commenced 
at  once.  "The  time  is  ripe  to  initiate  a  new, 
more  comprehensive  and  enhghtened  system 
of  land  reclamation  and  commimity  planning 
designed  to  secure  ultimately  to  the  settlers 
an  improved  standard  of  Uving." 

The  protection  of  land  involves  the  protec- 
tion of  the  people,  and  the  protection  of  the 
people  stops  short  of  its  proper  objective  if  it 
does  not  lead  toward  what  sociologists  caU 
the  "good  life." 
Interrelation  of  Interests 

As  communities  increase  in  population, 
extent  and  complexity  new  and  far-reaching 
agencies  have  to  be  called  in  or  created  to  deal 
with  their  water  problems.  The  family  well 
gives  way  to  a  city  water  system,  that  in  turn, 
perhaps,  to  a  district  or  sectional  water 
system.  In  time,  as  the  present  report  sug- 
gests, a  national  program  is  required  to  rec- 
oncile the  needs  of  the  49,000,000  people  who 
live  on  the  1,235,000  square  miles  of  the 
Mississippi  River  System.  The  multiple  uses 
of  water  add  to  the  intricacy  of  the  problem. 

There  consequently  should  be  a  revaluation 
of  controlling  agencies,  both  local  and  general. 
Where  the  physical  problem  to  be  attacked 
transcends  existing  political  boundaries,  new 
types  of  regional  organization,  such  as  the 
New  England  Council  or  the  Ohio  River 
Board  of  Health  Commissioners,  have  already 
appeared.  Other  types  are  the  "Authority", 
14       or  publicly  owned  corporation,  of  which  the 


Port  Authority  of  New  York  is  an  example; 
the  intrastate  conservancy  district;  agencies 
set  up  by  two  or  more  states  under  interstate 
compacts;  and  Regional  Authorities  set  up  by 
the  Federal  Government,  for  which  the  Ten- 
nessee Valley  Authority  may  be  regarded  as 
a  precedent. 

Either  on  its  own  initiative  or  on  request  from 
the  States,  the  Federal  Government  should 
stand  ready  to  investigate  projects  or  situations. 
In  planning  and  carrying  out  actual  operations 
the  benefits  and  responsibihties  should  be  as 
accurately  assessed  as  possible  as  between  the 
National,  State  and  local  governments.  The 
Federal  Government's  responsibihty  should  not 
be  too  narrowly  interpreted,  since  it  is  in 
practice  and  by  the  terms  of  the  Constitution 
accountable  for  the  general  welfare.  Measur- 
able benefits  are  not  always  the  only  criteria 
which  can  be  set  up.  "The  ideal  allotment  of 
costs  will  be  that  wliicli  will  produce  the  best 
total  economic  effect  within  the  Hmits  of  pubUc 
support  and  of  administrative  practicaUty, 
with  due  regard  to  all  equitable  considerations." 

The  final  criterion  is  that  of  public  support. 
There  should  be,  and  invariably  is,  a  constant 
flux  and  interplay  between  Federal  guidance 
and  spontaneous  local  activity.  An  emergency 
such  as  a  flood  or  even  the  swift  and  deadly 
processes  of  erosion,  may  require  instant  action 
by  whatever  agencies  are  most  effective. 
When  quick  action  is  not  imperative,  as  in  the 
acquisition  of  new^  lands  for  parks,  the  approach 
should  be  through  an  education  of  the  popular 
will.  Governments,  national  or  local,  should 
not  attempt  the  impossible,  nor  can  they  safely 
go  against  the  grain  of  pubUc  opinion — whose 
servants,  in  a  democracy,  they  are.  Some- 
times situations  will  develop  for  which  there 
is  no  governmental  remedy;  these  situations 
should  be  recognized  as  such,  however  painful 
the  reahzation.  Policies  making  for  industrial 
decentraUzation  and  local  self-sufficiency  should 
be  outhned  and  encouraged  wherever  they  do 
not  act  against  the  general  welfare. 

"Above  all,  the  Federal  Government  will 
need  to  make  clear  to  the  people  that  its 
function  is  not  to  take  over  the  direction  and 
responsibility  for  individual  enterprises,  but  to 
provide  these  physical  and  economic  adjust- 
ments that  will  lead  to  a  generally  favorable 
environment  in  which  local  enterprises  may 
operate." 
Planning 

The  words  "plan"  and  "planning"  have 
grown  to  have  a  precise  meaning  for  engineers 
and  industrialists,  expressing  definite  objectives 


and  definite  ways  of  attaining  those  objectives. 
The  only  assumption  with  which  they  have 
been  loaded  in  the  present  report  is  one  which 
ought  to  be  held  as  self-evident  in  a  democratic 
society,  that  no  social  or  economic  technique 
is  sound  which  does  not  make  for  the  health 
and  well-being  of  the  people. 

Industrial  and  engineering  practice  distin- 
guishes three  "planes"  of  planning;  directive 
planning,  wliich  defines  major  purposes,  ways 
and  means;  general  administrative  planning, 
which  carries  out  in  the  individual  plans  or 
project  the  policies  of  directive  planning;  and 
operative  planning,  which  determines  detailed 
operations.  Similarly  the  steps  in  planning 
include  an  original  definition  of  purpose;  the 
adoption  of  policies,  which  represents  an  adap- 
tation to  the  human  and  material  factors  wliich 
must  be  dealt  with;  the  formulation  of  a  pro- 
gram or  tentative  chart  of  operations;  and  a 
final  design,  in  which  precise  qualitative,  quan- 
titative, and  functional  relationships  are  estab- 
lished. Tliis  done,  the  final  plan  may  be  sub- 
divided into  projects. 

That  these  proven  principles  of  private 
planning  may  be  adapted  to  governmental 
planning  the  Committee  is  convinced;  that 
anything  less  than  planning  of  this  nature  will 
suffice  to  meet  the  nation's  needs  is  extremely 
doubtful. 

The  principles  outlined  permit  both  the  long- 
range  view  and  the  early  preparation  of  speci- 
fications for  particidar  projects  which  may  be 
entered  upon  at  once,  or  which  may  be  kept 
ready  for  some  future  time  when  a  large 
amount  of  unemployment  exists.  Both  the 
enactments  of  the  Congress  and  current  public 
opinion  suggest  that  desirable  public  works 
should  be  so  used  as  a  means  of  balancing 
employment  both  in  good  times  and  bad. 


Practically  all  varieties  of  pubUc  works 
involve  design  and  require  detailed  specifica- 
tions before  construction  can  begin.  Hence  it 
is  strongly  urged,  as  good  public  policy,  that 
on  improvements  that  are  reasonably  sure  of 
being  ultimately  buUt,  detailed  plans  and 
even  specifications  be  promptly  carried  as  far 
as  practicable.  For  instance,  borings  for  dam 
sites  should  be  undertaken  as  soon  as  it  seems 
likely  that  a  given  dam  will  in  time  be  built. 
After  this  poHcy  has  been  in  force  for  some  time 
the  need  for  emergency  employment  can  be 
met   much   more   expeditiously   than   is   now 


Summary 


It  is  hardly  necessary  to  point  out  at  this 
stage  that  the  general  planning  of  the  use  and 
control  of  water  resources  must  rest  with  the 
Federal  Government  as  being  the  nearest  we 
can  come  to  an  expression  and  reconciliation  of 
the  various  purposes  and  desires  of  all  our 
people  and  all  our  governmental  agencies.  In 
adapting  an  industrial  technique  of  planning 
to  the  needs  of  the  nation  we  would  not  be 
violating  the  principles  of  democracy  and  local 
self-government;  we  would  merely  be  giving 
them  a  new  tool. 

The  present  plan  is  neither  complete  nor 
final.  It  is  necessarily  selective  and  in  many 
ways  tentative.  The  Committee  has  sought 
to  combine  a  broad  and  long-range  view  of  the 
problems  of  the  Mississippi  Valley  with  definite 
proposals  for  doing  certain  things  that  ought  to 
be  done  at  once.  The  sooner  certain  projects 
arrive  at  the  blue-print  stage  the  better  for 
the  public  welfare  and  safety.  The  plan  as  a 
whole  is  not  a  blue-print.  It  is  rather  an 
attempt  to  indicate  desirable  lines  of  growth. 
The  plan  will  have  best  served  its  purpose  if  it, 
too,  grows,  changes,  and  improves  as  the  years 
go  by. 
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USE    AND    f;  O  N  r  R  O  I.    OF    WATER 
IN     STREAMS 


Introduction 

At  the  outset  it  should  be  fully  rocogiiizcHl 
that  planning  for  the  most  beneficial  utiliza- 
tion of  the  water  resources  of  the  Mississippi 
Valley  requires  that  the  region  be  viewed  as  an 
integral  part  of  a  continent  as  well  as  by  itself 
as  an  integral  whole;  that  development  of 
water  resources  must  be  related  to  develop- 
ment of  other  physical  resources;  that  develop- 
ment of  any  phase  of  the  water  resources  must 
be  considered  in  relation  to  all  other  phases; 
that  physical  factors  must  be  evaluated  in 
terms  of  cultural  and  economic  conditions  and 
influences;  and  that  these  influences  must  be 
appraised  not  merely  in  terms  of  today  but  of 
present  trends  and  our  vision  of  the  future. 

Logical  planning  for  any  one  phase  necessar- 
ily means  planning  on  a  much  wider  front  than 
for  that  phase  alone.  It  means  planning  for  all 
factors  in  our  social  and  economic  environment 
directly  or  indirectly  to  be  affected.  For  the 
planning  concept  is  based  on  recognition  of  the 
fact  that  things  are  related  to  each  other;  that 
functional  developments,  like  water  use  and 
control,  are  related  to  other  functional  activi- 
ties or  developments;  that  developments  in 
one  area  are  related  to  developments  in  con- 
tiguous and  sometimes  even  in  remote  areas. 

Whether  the  subject  be  flood  control,  low- 
water  control,  navigation,  power,  water  supply 
and  sanitation,  erosion,  irrigation,  or  other 
phases  of  the  water  problem,  each  must  be 
considered  in  relation  to  all  the  others  and  to 
agriculture,  forestry,  industry,  and  commerce. 

Only  when  any  one  phase  of  the  general 
problem  is  so  treated,  does  one  discover  all  its 
actual  and  potential  power  to  influence  the 
future  of  the  Mississippi  Vallej',  either  posi- 
tively or  negatively.  And  if  undue  emphasis 
be  given  to  any  one  functional  purpose,  there 
are  sure  to  be  misfits,  wastes,  errors,  even 
tragic  results  by  reason  of  failure  to  have  plan- 
ned the  program  without  well-balanced  evalu- 
ation of  all  integral  relationships. 

The  first  approach,  therefore,  in  planning  for 
any  one  phase  of  the  water  problem,  is  to 
establish  a  frame  of  reference  whereby  consid- 
eration of  that  particular  phase  and  the 
resultant  plan  may  be  a  logical  and  consistent 
expression  of  all  the  relationships  between  all 
20       the  factors  involved. 


The  General  Problem 

The  principal  problems  of  cdntrol  mid  use  of 
waters  in  streams  originate  in  variation  iind 
irregularity  of  flow.  The  ideal  river,  which 
would  have  a  uniform  flow,  does  not  exist  in 
nature.  In  contrast,  the  flow  of  the  typical 
stream  at  any  time  depends  on  the  combined 
influences  of  a  vast  number  of  circumstances, 
many  of  which  are  themselves  continuously 
changing.  These  are  the  amount  and  distri- 
bution of  rainfall,  the  nature  and  condition  of 
the  soil  on  which  it  falls,  the  vegetation,  and 
the  temperature,  humidity,  and  motion  of  the 
atmosphere.  Few  of  these  influences  are  pre- 
dictable, and  some  are  even  difficult  of  meas- 
urement or  appraisal  after  they  are  observed. 
The  stream  flow  governed  by  such  unstable 
phenomena  is,  of  course,  a  variable  of  great 
irregularity,  an  irregularity,  in  fact,  that  pro- 
duces the  deplorable  floods  and  droughts  by 
which  most  rivers  are  occasionally  visited. 

If  it  is  borne  in  mind  that  use  and  control 
of  water  in  streams  should  begin  with  elimina- 
tion of  extensive  variations  of  flow  or  with 
amelioration  of  their  effects,  the  broad  general 
problem  presented  will  be  clear. 

Adequate  water  supply  is  a  basic  requirement 
for  successful  habitation.  It  is  the  first  requi- 
site, in  varying  degrees,  (1)  for  the  establish- 
ment of  a  home,  (2)  for  the  development  of  a 
community,  and  (3)  for  promotion  of  agricul- 
ture and  manufactures. 

In  many  sections  of  the  United  States,  South- 
ern California,  for  example,  limitations  of 
available  water  supply  place  a  definite  check  on 
development  of  the  territory.  In  other  sections, 
like  the  Ohio  Valley,  present  and  potential 
water  supphes  are  sufficient  for  almost  any 
conceivable  need.  In  places  where  water 
supply  is  scarce,  its  value  is  clearly  recognized. 
Where  it  is  plentiful,  it  is  commonly  looked 
upon  as  a  matter  of  course,  like  fresh  air  and 
sunshine.  Unlike  the  two  latter  resources, 
however,  water  supply,  even  under  most  favor- 
able conditions,  is  seldom  inexhaustible. 

The  uses  of  water  need  little  elaboration.  The 
principal  uses  (not  necessarily  in  order  of  their 
importance)  are:  for  domestic  water  supply; 
for  disposal  of  waste;  for  development  of  electric 
power;  for  industrial  purposes;  for  irrigation; 
for  navigation,  and  for  recreation.  The  problem 
of  developing  available  water  resources  is 
traditionally  a  local  problem,  and,  to  some  ex- 
tent, is  bound  to  remain  primarily  so.  Water 
resources,  however,  do  not  service  one  isolated 
community  alone,  but  are  used  over  and  over 


again,  by  a  succession  of  communities.  Hence, 
conflicts  over  the  use  of  available  water,  for  the 
same  or  for  different  ends,  may  and  do  develop. 

The  diversion  of  water  in  large  quantities 
for  irrigation  has,  in  a  number  of  instances,  so 
depleted  the  flow  of  streams  that  lands  of  com- 
mtmities  and  States  lying  downstream  have 
been  seriously  injured.  In  many  cases  large 
expenditures  are  necessary  for  a  reservoir  in 
one  state,  the  benefits  from  which  will  accrue 
largely  to  another.  In  densely  populated  areas 
the  custom  of  using  streams  for  disposal  of 
sewage  and  industrial  waste  brings  up  problems 
of  the  gravest  importance  for  downstream 
communities,  especially  if  those  communities 
have  to  depend  upon  the  same  streams  for 
domestic  water  supply.  Frequently  such  cases 
require  legal  or  other  more  or  less  arbitrary 
adjudication. 

Interference  by  local  authority  with  naviga- 
tion, has  long  been  recognized  as  a  matter  for 
Federal  concern.  Policy  is  not  so  clearly 
defined  in  cases  of  other  types  of  conflict 
between  the  uses  of  water  and  some  confusion 
has  been  the  result.  Geography  is  no  respecter 
ol  the  rights  of  States,  and  unless  the  confusion 
is  to  be  increased  still  further,  water  use  in  the 
Mississippi  system  must  be  developed  not  in 
accordance  with  purely  local  interests,  but 
according  to  a  comprehensive  plan. 

The  problem  of  control,  as  distinct  from 
constructive  use,  oi  the  Mississippi  basin 
waters  is  even  less  adaptable  to  local  treatment. 
Many  minor  local  flood  conditions  may  be 
handled  with  entire  satisfaction  by  local 
authority,  but  general  flood  problems,  beyond 
the  capacity  of  local  interests  to  solve,  exist  in 
many  of  the  states  of  the  basin.  Levees  along 
the  lower  Mississippi  are  built  to  hold  within 
bounds  the  waters  which  have  been  contributed 
from  points  as  far  east  as  Pittsburgh,  as  far  west 
as  Idaho  and  from  all  the  land  between. 
Spring  thaws  on  the  Monongahela  and  rainfall 
in  the  Dakota  badlands  have  their  influence  on 
Mississippi  flood  conditions. 

All  these  cases  point  to  the  need  for  uniform 
State  laws,  as  well  as  some  plan  for  a  competent 
administrative  authority,  with  power  and 
facilities  to  make  all  needed  investigations  to 
determine  fully  the  facts  and  equities.  Such 
authority  should  also  be  empowered  to  deter- 
mine the  most  equitable  solution  of  every  con- 
troversy and  should  be  so  organized  as  to  be 
able  to  put  its  adjudications  into  effect. 

The  problem  of  how  much  or  how  little 
water,  also,  takes  on  a  new  significance  in  public 
works   planning.     A   sound   solution    requires 


accurate  and  unbiased  information.  Water 
facts  are  needed  not  alone  for  design  and  con- 
struction to  prevent  over-development  or 
under-development  of  the  available  supply. 
The  operation  and  administration  of  com- 
pleted projects  also  require  precise  knowledge, 
as  does  the  division  of  water  between  various 
users,  whose  relationships  may  be  international, 
interstate,  or  'ocal. 

Unlike  ordinary  surveys,  water  investigations 
must  continue  over  a  long  period  of  time.  In 
general  the  flow  of  streams  varies  widely  from 
season  to  season  and  from  year  to  year.  Short- 
time  investigations  will  not  serve  for  reliable 
estimates  of  the  maximum,  minimum,  and 
normal  to  be  reckoned  with  in  planning. 

Neither  can  statistics  from  one  drainage  area 
be  used  for  dependable  estimates  of  the  flow 
from  other  areas,  even  those  adjacent.  If  the 
planners  of  future  works  are  to  have  essential 
facts,  studies  must  be  carried  out  on  a  nation- 
wide basis,  so  that  data  on  every  important 
stream  will  be  ready  when  the  time  comes  for 
development. 

Ground  water,  as  well  as  surface  water,  re- 
quires detailed  investigation,  not  only  of  the 
supply  from  wells,  but  also  of  the  ground  storage 
where  it  is  a  considerable  factor.  Studies  of 
mineral  matter  in  solution  and  suspension  also 
are  needed  to  determine  the  quality  of  water  for 
domestic  or  industrial  uses  and  to  provide 
data  bearing  on  the  silting  of  reservoirs. 
Flood  Control  and  Water  Use 

The  natural  flow  of  any  stream  varies  cease- 
lessly. It  is  governed  by  variations  in  rainfall, 
by  the  character  and  condition  of  the  soil, 
by  vegetation,  by  tempei'ature,  and  by  other 
factors.  Heavy  rains  swell  streams,  and  so  do 
melting  snows;  some  soils,  expecially  those 
wliich  have  been  badly  eroded,  shed  water 
rapidly,  and  other  soils  absorb  a  large  propor- 
tion of  the  water  which  falls  upon  them.  Under 
abnormal  conditions  the  flow  of  a  stream  may 
become  larger,  for  a  time,  than  the  capacity  of 
the  normal  channel.  Then  it  wifl  spread  out 
over  adjacent  lands  within  the  flood  channel, 
causing  extensive  damage  to  farm  lands  and 
improvements,  to  cities  and  towns,  to  railroads, 
and  highways,  which  have*  encroached  on  tlie 
flood  plain,  damage  which  increases  in  amount 
with  the  extent  of  the  encroaclmicnt  and  density 
of  population.  Life  is  often  endangered.  In  a 
large  river  system,  flood  peaks  on  the  principal 
tributaries  do  not  usually  coincide  in  time,  so 
that  the  channel  is  normally  able  to  take  care  of 
the  flow,  except  under  conditions  of  a  general, 
long-continued  storm. 
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It  is  only  because  of  the  infrequent  occur- 
rence of  great  floods  that  flood  problems  arise 
in  settled  communities.  If  maximum  floods 
occurred  every  year,  the  flood  channels  of 
rivers  would  be  unoccupied  except  when 
accompanied  by  adequate  protective  works, 
and,  therefore,  flood  problems  would  be  non- 
existent. Unfortunately,  it  has  become  com- 
mon practice  to  encroach  upon  flood  plains  of 
rivers  without  recognizing  the  potential  danger, 
and  for  this  reason  flood  damage  has  to  be 
faced. 

The  general  methods  of  guarding  against  or 
reducing  flood  damages,  include:  (1)  artificial 
improvement  of  natural  channels  to  increase 
their  carrying  capacity,  including  provision  of 
side  channels  or  overbank  channels  for  accom- 
modation of  flood  flows ;  (2)  confinement  of  flood 
flows  by  artificial  works,  such  as  levees;  and 
(3)  storage  or  retarding  of  flood  waters  in 
reservoirs.  No  one  of  these  methods  alone 
is  capable  of  solving  the  flood  problems  of 
an  entire  river  system  like  the  Mississippi; 
the  solution  lies  in  the  use  of  one  method  here, 
another  there,  and  a  combination  of  two  or 
more  methods  where  that  best  meets  the 
requirements. 

The  first  method,  that  of  improving  the 
natural  channel  by  straightening,  widening, 
and  deepening,  or  providing  side  channels,  is 
adapted  to  conditions  in  which  relatively 
small  increases  in  capacity  are  required,  or 
to  other  special  cases.  The  method  is  too 
expensive  for  general  application. 

The  second  method,  that  of  restricting  the 
flood  channel  of  the  stream  by  means  of 
levees,  is  the  traditional  method  and  is  the 
one  now  being  generally  used  on  the  lower 
Mississippi.  This  may  be  designated  as  a 
compromise  with  the  river,  for  it  usually 
involves  restoring  to  the  channel  a  portion  of 
the  flood  plain  which  originally  served  no  other 
purpose.  This  form  of  protection  is  direct  and 
visible,  since  the  levees  definitely  separate  the 
areas  of  safety  and  of  danger.  They  thus 
constitute  a  standing  warning  against  the 
occupancy  and  use  of  the  portion  of  the  flood 
channel  which  remains  exposed. 

There  have  been  many  advocates  of  flood 
control  by  levees  alone,  who  believe  that  a 
river,  if  protected  by  levees  will  scour  its  own 
channel  through  alluvial  soil.  This  belief 
has  Uttle  support  in  theory  and  none  at  aU  in 
observed  fact.  The  plan  now  being  followed 
for  the  Lower  Mississippi  makes  use  of  a  com- 
bination of  standard  levees  with  low  level  "fuse 
plug"  levees  located  at  the  heads  of  suitable 


over-bank  side  channels.  The  fuse  plug  levees, 
overtopped  before  the  standard  levees  are 
endangered,  allow  the  excess  flood  waters  to 
escape  into  the  side  channels. 

The  third  method,  that  of  control  by  reser- 
voirs, requires  that  suitably  located  reservoirs 
be  provided  in  which  flood  waters  in  excess  of 
the  capacity  of  the  channels  downstream  may 
be  stored  or  retained  until  they  may  be  released 
with  safety.  If  the  locations  and  capacities 
of  the  reservoirs  are  suitable  and  adequate, 
complete  protection  against  floods  may  be 
provided.  The  reservoirs  may  be  so  designed 
that  their  outlets,  although  not  provided  with 
gate  control,  will  not  permit  the  discharge  of 
water  in  excess  of  the  permissible  maximum. 
Such  reservoirs  are  called  retarding  basins. 
Outlet  structures  may,  on  the  other  hand,  be 
provided  with  gates  so  that  rates  of  discharge 
may  be  controlled.  Such  reservoirs  are  usually 
called  storage  reservoirs  even  though  the 
scheme  of  operation  may  not  contemplate 
detention  of  water  at  any  time  beyond  the 
amount  that  may  be  released  without  inflicting 
damages  downstream.  If  the  capacities  of  the 
reservoirs  are  sufficient,  they  may  be  used  for 
long-term  storage  so  as  to  provide  a  high 
degree  of  regulation,  reducing  the  flood  flows 
and  augmenting  low  water  flows  either  season- 
ally or  over  dry  years.  Perhaps  the  most 
strildng  example  of  the  regulating  effects  of 
storage  is  that  of  the  Great  Lakes  and  the  St. 
Lawrence  River.  The  river  is  so  regulated  by 
the  natural  storage  in  the  Lakes  that  its  flow 
ranges  between  very  close  limits  from  season 
to  season  and  year  to  year  and,  as  a  result, 
the  St.  Lawrence  is  one  of  the  most  useful 
rivers,  actually  and  potentially  in  the  world. 
At  the  same  time  the  size  of  the  Great  Lakes 
gives  some  conception  of  the  storage  capacity 
required  to  regulate  completely  a  great  river. 
Similar  effects  on  such  a  scale  are  not  likely 
to  be  sought  by  artificial  means,  but  comparable 
results  may  be  secured  on  many  smaller  streams 
by  artificial  reservoirs,  if  the  objectives  are 
sufficiently  important  to  justify  the  cost. 

In  a  general  consideration  of  flood  control  by 
reservoirs  it  should  be  borne  in  mind  that  the 
channel  of  a  stream  in  flood  constitutes  a  very 
effective  kind  of  reservoir,  because  it  is  con- 
stantly making  room  for  more  water.  A  stor- 
age reservoir  to  be  equally  effective  would 
either  have  to  be  of  much  greater  area  than 
valley  lands  under  flood  or  would  have  to  pro- 
vide storage  at  greater  depths.  The  former 
requires  availabihty  of  reservoir  areas  of  rela- 
tively low  value,  and  the  latter  requires  favor- 


able  topographical  features  to  afford  deep 
storage  economically. 

A  reservoir  for  flood  protection  is  most  effec- 
tive if  it  is  not  far  upstream  from  the  lands  to 
be  protected.  That  is,  a  reservoir  on  one  of  the 
tributaries  to  the  Mississippi  might  not  give 
assured  protection  to  the  Mississippi  itself, 
because  the  run-off  of  water  between  the  reser- 
vou-  and  the  area  of  danger  on  the  Mississippi 
would  be  of  variable  and  unpredictable  quan- 
tity. In  short,  there  is  no  doubt  that  the 
direct  effectiveness  of  a  reservoir  is  increased 
the  closer  it  is  to  the  area  to  be  protected. 
Nevertheless,  a  reservoir  constructed  and  oper- 
ated for  local  flood  protection  on  a  tributary, 
often,  though  not  always,  decreases  to  some 
extent  the  magnitude  of  floods  on  the  main 
river.  To  illustrate,  records  show  that  there 
have  been  no  major  floods  in  the  Mississippi 
when  the  discharge  of  the  Ohio  at  Cairo  has 
been  less  than  1,000,000  second-feet.  The 
Muskingum  flood  control  project  will  have  a 
measurable  effect  in  reducing  flood  crests  on 
the  Ohio.  Other  similar  projects  might  result 
in  a  substantial  measure  of  flood  control  or 
abatement  on  the  Ohio  or  the  Mississippi. 

Navigation  is  particidarly  benefited  by  re- 
duction of  flood  crests,  and  all  of  the  possibilities 
of  water  use  are  improved  by  increases  in  flow 
at  extreme  low  stages.  Under  certain  favorable 
circumstances  it  may  be  possible  to  release 
water  from  flood  control  reservoirs  to  satisfy 
requirements  for  hydro-electric  power  develop- 
ment at  the  dam,  or  to  regulate  the  flow  down 
stream  to  the  advantage  of  a  variety  of  water 
uses.  In  such  cases  equitable  distribution  of 
costs  among  the  several  purposes  served  may 
even  sufficiently  reduce  the  costs  chargeable 
to  flood  protection  to  warrant  the  construction 
of  flood-control  reservoirs  which  could  not  be 
justified  for  flood  protection  alone. 

There  is,  of  course,  an  apparent  confhct  be- 
tween the  use  of  the  same  storage  reservoir  for 
power  development  and  for  flood  control.  A 
flood-control  reservoir  should  be  empty  at  the 
beginning  of  flood  seasons,  and,  if  fUled,  should 
be  emptied  promptly  in  anticipation  of  another 
storm.  Storage  for  power,  on  the  other  hand, 
requires  maintenance  of  a  head  and  dictates 
that  water  be  released  only  as  required  by  the 
demand  for  power.  Yet,  it  is  often  possible  to 
reconcile  this  confhct  by  aUocating  a  certain 
capacity  in  the  lower  portion  of  the  reservoir 
for  power  storage  and  the  necessary  capacity 
in  the  upper  portion  for  flood-control  storage. 
Often  this  combination  would  be  much  more 
economical  than  two  separate  reservoirs.     In 


this  coimection  it  should  be  remembered  that 
the  lower  portion  of  a  reservoir  lends  itself 
favorably  to  creation  of  available  head  without 
sacrifice  of  much  storage.  A  10-foot  depth  at 
the  bottom  of  a  reservoir  corresponds  to  much 
less  storage  capacity  than  an  equal  depth  near 
the  top.  The  ratio  is  often  as  much  as  1  to  12. 
The  sacrifice  of  40  or  50  feet  of  depth  at  the 
bottom  of  a  deep  reservoir  for  the  development 
of  head  for  a  power  plant  may  be  recovered  by 
an  extension,  say  of  4  or  5  feet  at  the  top. 
Recognizing  the  opposing  requirements,  such 
projects  have  to  be  considered  on  their  individ- 
ual merits  in  the  light  of  local  physical  condi- 
tions. 

The  relationship  of  irrigation  storage  to 
flood-control  storage  in  the  same  reservoir  is 
somewhat  different.  Irrigation  demand  usually 
reaches  its  peak  during  the  season  when  flood 
probabihty  is  remote.  Therefore  a  storage 
reservoir  operated  exclusively  for  irrigation 
usually  will  be  low  at  the  beginning  of  the  flood 
season.  Flood  waters,  in  fact,  are  the  principal 
source  of  supply  for  irrigation  storage.  Fur- 
thermore, water  released  for  irrigation  purposes 
may  also  be  used  for  power  development  inso- 
far as  power  demand  coincides  with  irrigation 
demand,  thus  doing  double  duty.  Usually  a 
certain  discharge  is  required  through  an  irri- 
gation reservoir  during  the  entire  irrigation 
season  (five  to  seven  months)  to  satisfy  existing 
rights  to  natural  flow.  Furthermore,  draft  on 
irrigation  storage  extends  over  a  considerable 
time,  and  is  therefore  available  for  power  de- 
velopment over  an  extended  and  predictable 
period.  In  many  mstances  a  reservoir  might 
be  made  to  do  triple  duty,  for  flood  control,  for 
irrigation,  and  for  power  development,  although 
this  combination  would  almost  invariably  in- 
volve concessions  from  one  purpose  to  the  other. 

A  Rational  Program 

The  best  plan  for  control  and  use  of  the  water 
resources  of  a  large  river  sj^stem  may  be 
expected  to  employ  a  combination  of  the  several 
estabhshed  methods  of  flood  control.  The 
improvement  of  the  carrying  capacity  of 
channels,  where  they  are  naturally  restricted 
at  vital  points,  such  as  important  cities,  may 
be  undertaken  to  avoid  the  need  for  a  higher 
degree  of  regulation  throughout  than  would  be 
required  -with  the  increased  capacity  to  be 
provided  at  such  local  areas.  Levees  may  be 
built  either  for  local  protection  to  serve  Hke 
purposes,  or  for  the  protection  of  wide  areas 
when  the  cost  of  other  methods  of  protection 
would  be  exorbitant- 
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Use  and  Control  The   control    of    Hoods    mul    liic    means   for 

of  Water  in  effecting  it  should  be  eoonliuuted  in  a  com- 
reams  prehensive  plan  with  the  exploitation  of  the 
water  resources,  so  that  the  one  may  support 
the  other,  each  bearing  its  share  of  the  expense 
and,  if  necessary,  subordinating  its  lesser 
requirements  to  more  important  needs  of  other 
purposes.  Since  these  relations  are  ever  chang- 
ing, the  coordinated  plan  must  also  be  subject 
to  growth  and  development.  Starting  with 
facts,  such  as  the  physical  geography  of  the 
basin,  the  population  it  serves,  including  their 
social  and  poUticial  organization,  the  known 
resources,  the  development  actually  attained 
and  that  inuiiediately  in  prospect — in  short 
with  all  of  this  infoiination  of  the  governing 
influences  that  may  he  assembled — the  plan 
may  provide  definitely  for  the  prosecution  of 
projects  immediately  practicable  and  those 
whose  early  practicabihty  may  be  confidently 
foretold.  These  elements  of  the  plan  may  be 
regarded  as  fixed.     Upon  that  foundation  may 


be  erected  more  lle.xible  lentures  for  the  longer 
term  future,  designed  perhaps  to  modily  some 
of  the  governing  influences  or  to  ])oiiit  new- 
directions  for  development. 
The  Broad  Scope 

Recalling  the  opening  sections  of  tbis  ])ii])er, 
it  is  apparent  that  planning  for  coordinated 
water  use  and  control  must  take  into  account 
the  interrelation,  be  it  positive  or  negatixc,  of 
the  several  obvious  phases — water  sii|>]>l\ , 
flood  control,  power  development,  navigation, 
irrigation.  But  water  questions  also  touch, 
quite  definitely,  agriculture,  waste  disposal, 
soil  erosion,  sillation;  and  in  a  less  dii-ect  way 
(but  never!  heless  iiill iieni iaily  I,  iricbislry,  com- 
merce, slal)ility  of  jfopulation,  iiomebuilding 
and  community  development,  recreation.  In 
fact,  planning  as  it  should  be  done,  for  control 
and  use  of  water  in  all  its  phases,  virtually  is 
planning  for  most  of  the  basic  functions  of  the 
hfe  of  the  Nation. 
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Above,  Cincinnati,  Ohio,  March  21,  1933,  with  the  Ohio  River  in  flood. 
Below,  Cincinnati,  July  20,  1934,  when  the  gage  was  12  feet. 


Gage  63  feet  6  inches. 


A  NATIONAL  FLOOD- 
CONTROL  POLICY 


The  aggregate  losses  in  the  United  States 
from  major  floods  may  not  be  as  great  as  those 
from  certain  less  dramatic  causes,  such  as  soU 
erosion,  nevertheless,  flood  loss  creates  a 
pidhlciii  wliicli  must  be  squarely  faced.  A 
-(iiiiid  li,i-if  policy  is  needed,  giving  due  weight 
t(i  iiicrit  anil  jiistilication  of  individual  projects, 
results  to  be  secured,  and  equitable  allocation 
of  benefits  and  costs. 

Consideration  of  a  National  flood-control 
pohcy  must  necessarily  recognize  that  the 
flood-control  aspect  of  a  project,  be  it  a  major 
purpose  or  an  iacidental  one,  must  be  evalu- 
ated in  the  light  of  a  broad  study  which  takes 
into  account  afl  other  purposes  or  possibilities 
involved.  Among  such  other  purposes  may 
be  power,  navigation,  irrigation;  may  be  low- 
water  control,  water  supply,  sewage,  or  waste 
disposal.  Wherever  more  than  one  purpose 
is  indicated,  each  must  be  considered  in  its  fidl 
relation  to  all  the  others.  Only  by  such  proce- 
dure can  a  well  coordinated  project  be  evolved. 

Having  thus  evaluated  the  flood-control 
feature  of  a  project,  there  remains  the  need  to 
determine  (1)  the  value  to  the  public  of  the 
flood-control  benefits  as  related  to  the  flood- 
control  costs,  and  (in  case  the  benefits  will 
justify  the  cost),  (2)  proper  allocation  of  such 
benefits,  to  determine  a  reasonable  basis  for 
financing  the  flood-control  costs. 
Benefits  Difficult  to   Estimate 

An  accurate  estimate  of  value  of  flood  pro- 
tection, even  to  a  single  piece  of  property,  is 
difficult  to  make.  Floods  of  sufficient  magni- 
tude to  damage  valuable  properties  are  of 
comparatively  rare  occurrence,  and  reliable 
records  of  damage  are  difficult  to  obtain. 
Even  where  some  records  are  available,  the 
task  is  comphcated  by  many  items  difficult 
to  evaluate.  Real-estate  values  are  affected 
by  so  many  things  that  an  estimate  of  increased 
property  value  due  to  prospective  flood  pro- 
tection is  apt  to  be  misleading.  When  a  com- 
munity is  involved,  as  is  usually  the  case,  these 
difficulties  are  greatly  multiplied,  not  tmly 
because  of  the  many  properties  to  be  considered 
but  because  public  utilities,  some  of  which  are 
almost  indispensable  as  continuing  functions, 
have  a  relation  to  pubhc  welfare  entirely  out 
of  proportion  to  their  physical  value.  Here 
are  involved  benefits,  some  of  them  intangible, 


to  the  community  as  a  whole.  Therefore,  to 
make  a  first  approach  to  the  question  of  eco- 
nomic justification  of  a  flood-control  project 
by  the  method  of  an  accurate  determination 
of  value  of  benefits  will  usually  lead  to  long 
and  sometimes  unnecessary  delay. 

It  is  equally  undesirable  to  advocate  a 
policy  that  all  flood-control  projects  are  justi- 
fiable solely  for  the  reason  that  they  have  some 
merit  in  preventing  or  diminisliing  flood  dam- 
age. Unsupported  general  statements  as  to 
flood  damage  are  often  grossly  exaggerated. 
Many  cases  are  to  be  found  where  the  cost  of 
flood  protection  would  greatly  exceed  any 
reasonable  estimate  of  value  of  benefits.  In 
some  instances  cost  would  be  even  more  than 
ultimate  value  of  the  property  to  be  protected. 
Rating  Projects  by  Approximate  Methods 

Obviously,  some  rational  method  of  estimat- 
ing benefits  is  desirable  that  will  serve  to  indi- 
cate on  the  one  hand  those  projects  where 
benefits  wiU  probably  exceed  costs  by  a  liberal 
margin,  and  on  the  other  hand  those  where  the 
cost  ^vill  be  considerably  in  excess  of  probable 
benefits.  Wlierever  even  rougldy  appro.ximate 
estimates  are  available  of  damage  due  to  a 
known  flood,  and  where  sometliing  is  Icnown 
as  to  probable  frequencies  of  floods  of  given 
magnitudes,  a  basis  is  offered  whereby  certain 
flood-control  projects  may  be  selected  as  having 
ample  economic  justification,  and  others,  by 
the  same  yardstick,  may  be  rated  as  having 
little  economic  merit.  Such  procedure  leaves 
a  large  middle  class,  where  the  economic  status 
is  uncertain,  and  where  more  exact  methods 
must  be  used  to  ascertain  the  pertinent  facts 
with  greater  accuracy.  A  final  test,  and  one 
by  which  many  justifiable  projects  wiU  stand 
or  fall,  is  the  attitude  of  beneficiaries  toward 
meeting  their  share  of  flood-control  costs. 
Benefits  Wide-Spread 

Flood-control  benefits  may  often  extend  far 
beyond  the  limits  of  the  community  primarily 
affected.  There  may  be  a  State  interest,  such 
as  the  protection  of  public  roads,  the  stabiliza- 
tion of  property  values,  protection  of  important 
industrial  sections,  or  the  promotion  of  pubUc 
health  and  sanitation.  Such  benefits  may  even 
be  interstate  in  character.  Federal  interest 
may  lie  in  improved  navigation  facilities,  harbor 
protection,  protection  of  mads  and  interstate 
commerce,  or  of  other  situations  of  vital  im- 
portance as  mOitary  necessities,  lowering  of 
flood  crests  on  the  Mississippi  river  or  one  of 
its  main  tributaries,  protection  of  pubhc  health 
from  a  National  point  of  view.     Allocation  of 
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such  benefits  culls  for  cooperation  by  the 
various  interests  concerned.  In  many  States 
legal  authority  is  now  lacking  for  participation 
in  such  enterprises,  even  when  the  responsi- 
bility can  be  clearly  shown.  Where  interstate 
responsibility  is  indicated,  there  is  no  practic- 
able way  to  proceed  under  existing  statutes. 
Federal  participation  is  provided  for  under 
the  National  Industrial  Kecovery  Act,  which, 
however,  is  only  an  emergency  measure. 
Need  of  State  and  Federal  Legislation 

Clearly,  there  is  need  for  uniform  state 
laws  to  provide  for  flood-control  districts  within 
the  states,  and  to  permit  interstate  cooperation 
when  that  is  desirable.  Federal  statutes  are  also 
needed,  to  authorize  interstate  compacts  where 
such  are  required,  and  to  provide  permanently 
for  Federal  participation  when  that  is  proper. 
Determination  of  Federal  Interest 

Because  of  the  provision  in  the  National 
Industrial  Kecovery  Act  that  the  Federal 
Government,  during  the  life  of  the  Act,  may 
participate  in  the  cost  of  flood-control  projects, 
the  question  immediately  is  raised:  As  a  basis 
for  the  extent  of  Federal  participation,  how 
may  Federal  interest  be  determined? 

Under  the  National  Industrial  Recovery  Act, 
the  Federal  Government  may  contribute  to  any 
worthy  public -works  project  30  percent  of  the 
cost  of  labor  and  materials.  To  that  extent, 
therefore,  for  a  limited  time,  a  basis  for  Federal 
participation  is  indicated  for  projects  that  prove 
to  be  technically  sound  and  economically 
feasible.  It  has  been  suggested  that  some  such 
minimum  participation  might  be  made  a 
feature  of  a  permanent  National  policy. 

It  is  an  established  policy  that  flood  control 
of  the  lower  Mississippi  river  and  its  back- 
water areas  is  a  National  aft'air.  Therefore  a 
project  that  can  be  shown  definitely  to  diminish 
flood  peaks  on  these  areas,  warrants  additional 
Federal  participation  to  the  extent  of  the 
saving  in  Federal  costs  thus  made  possible  in 
connection  with  requisite  flood-control  works 
on  the  lower  Mississippi. 

Navigation  projects  on  certain  inland  rivers 
have  been  established  by  Federal  funds. 
While  some  have  served  their  purpose  and 
others  may  not  warrant  further  expenditures, 
there  exist  several  navigation  projects  clearly 
important  as  parts  of  a  national  and  permanent 
coordinated  transportation  system.  Wliere  a 
proposed  flood  control  project  wifl  have  the 
effect  of  minimizing  flood  damage  to  shipping 
on  such  worthy  navigation  projects,  or,  by 
flood  control,  or  by  low  water  control,  will 


increase  the  length  of  the  navigation  season, 
such  features  may  be  a  basis  for  Federal  par- 
ticipation   beyond   the   established   minimum. 

It  is  conceivable  that  a  proposed  flood  con- 
trol project  may  have  the  effect  of  promoting 
puhlir  health  to  an  extent  clearly  beyond 
(•oniniunity  or  even  State  interest.  Wliere 
such  effect  can  be  definitely  established  as  of 
real  value  to  the  Nation,  there  is  suggested  an 
economic  justification  for  still  further  Federal 
participation.  In  all  these  cases,  the  problem 
is  to  determine  reasonable,  though  liberal, 
extent  of  Federal  interest,  without  establishing 
a  system  of  subsidies  that  may  easily  prove  to 
be  an  inequitable  drain  on  the  Federal  treasury. 
Need  of  Adherence  to  a  Rational  Policy 

Recent  experience  with  applications  for  Fed- 
eral funds  to  completely  finance  flood  control 
projects  of  chief  benefit  only  to  local  communi- 
ties, indicates  the  necessity  of  adherence  to  a 
policy  based  on  allocation  of  costs  in  proportion 
to  benefits.  Wliile  Federal  participation  may 
be  liberal  under  such  a  policy,  there  is  an  ob- 
vious danger  in  yielding  to  local  pressure  to  an 
extent  that  will  involve  the  Government  in 
obligations  far  beyond  reasonable  justification. 

Local  Interests  Usually  Should  Furnish  Land 
and  Rights-of-Way 

Costs  of  land,  flowage  rights,  rights-of-way, 
local  damages  and  similar  items  usually  con- 
stitute a  considerable  portion  of  the  total  cost 
of  a  flood-control  project.  There  are  several 
reasons  why  local  interests  may  well  be  re- 
quired to  pay  at  least  that  portion  of  the  cost. 
Obviously,  such  negotiations  can  be  carried  out 
by  local  interests  to  much  better  advantage 
than  by  an  outside  agency  hke  the  Federal 
Government.  Almost  invariably  the  ultimate 
cost  of  such  items  would  be  less  when  handled 
by  local  agencies  familiar  with  local  values. 
By  the  same  reasoning,  more  equitable  indi- 
vidual settlements  would  be  assured.  Satis- 
faction of  title,  an  expensive  and  laborious 
procedure  where  the  Government  is  concerned, 
is  greatly  simplified  when  negotiations  are  con- 
cluded by  and  for  local  interests.  In  consider- 
ation of  minimum  Federal  particijjation  being 
established  at  a  definite  percentage  of  the  con- 
struction cost,  it  is  suggested  that  minimum 
local,  participation  be  established  at  the  cost  of 
necessary  land,  flowage  rights,  rights-of-way, 
and  similar  items.  An  additional  reason,  w  hile 
operating  under  the  provisions  of  the  National 
Industrial  Recovery  Act,  is  that  j)aymeii(  for 
such  items  has  no  direct  eft'ect  on  iclief  of  em- 
ployment. 


A  Policy  for  Federal  Participation 

With  the  foregoing  as  a  background,  supple- 
mented by  several  months'  experience  in 
consideration  of  appHcations  for  Federal  financ- 
ing of  specific  flood  control  projects,  the 
following  is  offered  as  a  sound  and  liberal 
basic  policy  for  determination  of  the  extent  of 
Federal  participation. 

1.  In  general  Federal  funds  will  be  con- 
tributed to  a  flood-control  project  only  where 
reasonable  protection  is  aflorded  against  floods 
of  maximum  height. 

2.  Federal  funds  as  a  rule  will  be  contributed 
to  a  project,  or  to  a  principal  unit  of  a  project, 
only  where  the  benefit  from  flood  protection 
wUl  justify  the  expense  of  such  flood  protection. 

3.  To  projects  of  chief  benefit  only  to  local 
communities.  Federal  funds  may  be  contributed 
to  the  extent  of  30  percent  of  the  cost  of  labor 
and  materials. 

(a)  There  must  be  a  responsible  and  legally 
constituted  local  agency  with  which  the  Gov- 
ernment may  deal. 

(6)  Such  local  agency  must  guarantee  the 
Govermnent  against  any  future  claims  for 
damages  on  account  of  the  construction  or 
operation  of  the  project. 

(c)  Such  local  agency  must  provide  all 
necessary  land,  flowage  rights,  rights-of-way, 
and  similar  items,  as  well  as  the  remainder  of 
the  funds  (Ln  excess  of  the  Federal  contribu- 
tion) required  for  completion  of  all  essential 
construction  work. 

(d)  Operation  and  maintenance  costs  shall 
be  borne  wholly  by  local  interests. 

4.  To  projects  of  substantial  benefit  to 
Federal  interests  as  well  as  to  local  communi- 
ties, Federal  funds  may  be  contributed  in  excess 
of  30  percent  of  the  cost  of  labor  and  materials 
the  amount  of  Federal  contribution  in  excess  of 
such  30  percent  to  be  determined  by  the  propor- 
tion of  benefits  definitely  applicable  to  a  recog- 
nized Federal  interest. 


(a)  Federal  funds  so  contributed  shall  be 
expended  under  the  direction  of  a  qualified 
Government  agency. 

(b)  There  must  be  a  responsible  and  legally 
constituted  local  agency  with  which  the 
Government  may  deal. 

(c)  Such  local  agency  must  guarantee  the 
Government  against  any  future  claims  for 
damages  on  account  of  the  construction  or 
operation  of  the  project. 

(d)  Such  local  agency  must  provide  all 
necessary  land,  flowage  rights,  rights-of-way, 
and  the  like,  as  well  as  the  remainder  of  the 
funds  (in  excess  of  the  Federal  contribution) 
requu'ed  for  completion  of  all  essential  con- 
struction work. 

(e)  Operation  and  maintenance  costs  shall 
be  borne  wholly  or  in  part  by  local  interests 
as  may  be  determined  in  each  case. 

5.  To  projects  of  chief  benefit  only  to  Federal 
interests,  where  benefits  to  local  interests  are 
largely  incidental,  Federal  funds  may  be  con- 
tributed up  to  100  percent  of  the  construction 
cost,  provided,  however,  that  local  interests 
may  be  requu-ed  to  furnish  all  or  a  part  of  the 
necessary  land,  flowage  rights,  rights-of-way, 
etc.,  as  may  be  determined  in  each  case. 

The  foregoing  is  suggested  as  a  basic  policy. 
It  is  recognized  that  emergencies,  local  or 
national  in  character,  may  justify  more  or  less 
departure  from  any  general  pohcy  that  may  be 
adopted;  that  changing  conditions,  in  this  as  in 
nrany  other  fields,  may  warrant  or  dictate  a 
modification  in  policy;  that  a  new  concept  of 
public  responsibility  for  social  betterment  may 
have  its  influence  on  policies  established  in  the 
light  of  present  viewpoints.  Granting  the  pos- 
sibility of  all  such  influences,  it  is  believed 
that  this  suggested  basic  pohcy  is  sound,  well 
balanced,  liberal,  and  sufficiently  flexible  to 
rrieet  the  requirements  of  new  conditions  as  they 
arise. 
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Monongahela  River  near  Morgantown,  W.Va.     This  view 
32  October  1930. 


in  the  canalized  reach  during  the  severe  drouglit  of 
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Lo\v-\v;itcr  flow  in  n  stream  occurs  during 
periods  of  infrequent  or  light  rainfall,  when 
surface  run-off  from  tlie  drainage  area  has  been 
practically  exhausted.  At  such  times  the  flow 
is  limited  mainl}^  to  that  supplied  by  ground 
water  seepage.  Most  streams,  even  during 
years  of  normal  rainfall,  have  periods  of  low- 
water  flow  continuing  for  several  weeks  and 
sometimes  for  several  months.  In  the  semi- 
arid  and  arid  sections  of  the  country  these  low- 
water  periods  are  of  longer  duration,  and  it  is 
not  uncommon,  particularly  in  the  arid  sec- 
tions, for  the  surface  flow  of  streams  to  disap- 
pear entirely  for  months  at  a  time.  During 
years  of  subnormal  rainfall  these  conditions 
are  correspondingly  intensified. 

When  the  low-water  flow  of  a  stream  diniin- 
ishes  to  the  point  where  it  becomes  a  series  of 
stagnant  or  semistagnant  pools,  the  need  for 
low-water  control  is  apparent.  The  obvious 
remedy  of  connecting  up  such  pools  with  a 
ditch,  forming  a  continuous  flow  channel,  is 
perhaps  one  of  the  simplest  examples  of  low- 
water  control.  This,  however,  while  affording 
some  relief,  faUs  far  short  of  accomplishing  the 
most  desirable  results,  though  it  accomphshes 
something  in  maintaining  a  live  stream. 

Disposal  of  sewage  and  eflfluents  from  sewage- 
treatment  plants  and  from  industrial  wastes 
often  requires  more  stream  flow  than  is  avail- 
able during  low-water  periods;  mine  drainage 
and  certain  industrial  wastes  produce  an  acidity 
tliat  calls  for  dilution ;  fish  life  reciuires  a  supply 
of  free  (ixyfrrii:  water  supply  is  often  seriously 
deficient  during  low-water  periods;  recreation 
activities  may  be  seriously  curtailed.  Ques- 
tions of  public  health  are  often  involved.  It 
is  clear,  therefore,  from  these  few  outstanding 
examples  that  failure  to  maintain  a  necessary 
minimum  flow  often  leads  to  consequences 
more  serious  than  would  be  expected  at  first 
thought.  It  is  the  low-flow  streams  that  are 
most  seriously  affected  by  a  given  amount  of 
pollution,  and  the  lower  the  flow  the  more  is 
such  pollution  intensified. 
Methods  of  Control 

To  accomplish  adequate  low-water  control, 
storage  of  flood  waters  is  the  first  plan  that 
suggests  itself.  Storage  for  the  sole  purpose  of 
low-water  control  may  not  often  be  justified, 
but  fortunately  the  necessary  supply  may  be 
available  as  incidental  to  power  development, 


irrigation,  navigation,  water  supply,  or  even        A  National 

flood  control.     The  latter  is  not  as  easy  to        Policy  for 

coordinate  as  some  of  the  others,  because  one        „""',"  ,"  ^'^ 

,       .  •      .    ,  p  n       1  Control 

of  the  basic  prmciples  of  flood-control  storage 

is  that  flood  waters  caught  in  a  reservoir  should 
be  released  as  soon  as  possible  to  provide  stor- 
age space  for  another  flood,  while  low-water 
control  dictates  a  certain  minimum  flow  in  the 
stream  over  a  long  period  of  time.  But 
sometimes  even  these  apparently  conflicting 
conditions  may  be  coordinated. 
Benefits  and  Allocations 

Whether  low-water  control  is  accomplished 
by  works  especially  designed  for  that  purpose 
alone,  or  whether  it  is  a  part  of  a  multiple  pur- 
pose project,  the  value  shoidd  be  estimated 
with  reasonable  allowance  for  such  items  as 
health  protection,  preservation  of  fish  life, 
aesthetic  considerations,  the  actual  values  of 
which  are  difficult  to  determine.  Benefits  to 
water  supply,  waste  disposal,  water  power, 
navigation,  etc.,  usually  may  be  evaluated 
with  a  closer  approach  to  accuracy. 

Having  determined  the  economic  feasibility 
of  the  low-water  control  features  of  a  project, 
allocation  of  benefits  should  be  made  to  com- 
munity, state,  or  Federal  interests  as  they  may 
appear.  The  policy  that  may  be  adopted  for 
flood  control  projects  may  well  be  used  as  a 
basis  for  a  low-water  control  project  insofar  as 
practicable. 
Need  of  Pollution  Control 

Consideration  of  this  subject  inevitably 
brings  up  the  question  as  to  how  far  commu- 
nities, or  private  industries,  should  be  compelled 
to  go  in  treatment  of  sewage  or  waste  before 
being  permitted  to  discharge  them  into  flowing 
streams.  Many  factors  are  involved,  some  of 
them  varying  almost  daily  for  a  given  stream. 
Manifestly,  a  reasonable  degree  of  control  is 
of  vital  public  interest,  while  too  restrictive 
measures  might  easily  be  carried  to  the  point 
of  impracticabihty.  Nevertheless,  low-water 
control  can  never  be  worked  out  on  a  consistent 
basis  without  some  uniform  standards  for  pol- 
lution control.  Public-health  organizations, 
cooperating  with  industrial  interests,  should 
work  out  a  sound  basis  for  such  standards. 
Need  of  State  and  Federal  Regulation 

Federal  and  uniform  state  regulations  are 
needed,  and  are  fundamental  to  a  proper  con- 
sideration of  any  general  policy  for  low-water 
control.  Federal  participation  may  well  be 
withheld  from  low-water  control  projects  where 
pollution  is  a  factor,  until  after  satisfactory 
pollution  control  is  assured.  33 
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For  such  low-water  control  projects  as  may 
be  found  to  be  technically  and  economically 
sound,  the  extent  of  Federal  particii)ation 
might  be  determined  by  the  following  policy. 

1.  In  general,  Federal  funds  will  be  con- 
tributed to  a  project  where  pollution  is  or  may 
be  an  ini])ortant  factor,  only  after  satisfactory 
pollution  control  is  assured. 

2.  Federal  funds  as  a  rule  will  be  contributed 
to  a  project,  or  to  a  principal  unit  of  a  project, 
only  where  the  benefits  from  low-water  control 
will  justify  the  expense  of  such  conti'ol. 


3.  Projects  may  be  classified,  as  in  the  case 
of  flood-control  projects,  into  three  groups. 

(I.  Projccl^  of  cliicf  benefit  only  to  local 

(•niiiinilllilic--. 

h.   Pnijcci-.  ol  siihstantial  benefit  both  to 
Federal  interests  and  to  local  com- 
munities, 
c.   Projects    of    cliief    benefit    only    to 
Federal  interests. 
The  ])olicy  suggested  for  Federal  participa- 
tion in  flood-control  projects  in  each  of  these 
groups  (see  "A  National  Flood  Control  Policy") 
is  offered  as  applicable  also  to  low-water-control 
projects. 


34 


A    NATIONAL    INLAND    WATERWAY    POLICY 


35 


A     N  A  r  I  O  N  A  I-    INLAND 
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The  Waterway  Scene 

For  centuries  niaiikiiid  has  used  inland  water- 
ways for  transportation  purposes.  In  tlie 
exploration  of  the  New  World  continents 
developments  generally  followed  river  routes. 
Up  to  seventy-five  years  ago  the  bulk  of  the 
commerce  of  the  United  States  was  water 
borne.  Even  today  we  have  some  water 
routes  carrymg  heavy  tonnages  on  an  economic 
basis.  The  national  investment  in  waterways 
i-uns  into  the  billions.  While  such  facts  afford 
wholly  iiuidcinuitc  Li'uidcs  fur  future  national 
policy  as  Ici  v'wfv  iiiipidvciiicnts,  liicy  do  suggest 
racial  and  national  inslinds  and  institutions 
to  be  dealt  with  both  considcratelv  and  ration- 
ally. 

In  the  face  of  this  need  for  poise  and  deliber- 
ation the  discovery  is  easily  made  that  in  the 
discussion  of  general  policy,  or  its  applicatioji 
to  individual  projects,  advocates  rather  than 
unpartial  judges,  partisans  rather  than  disin- 
terested technicians,  have  the  public  ear. 
Back  of  the  appeals  of  the  proponents  of  river 
navigation  projects  is  seen  all  too  frequently 
only  a  drive  for  lower  railroad  rates  and  this 
usually  with  no  special  regard  either  to  the 
economics  or  eciiuties  involved.  On  the  other 
hand,  it  is  equally  clear  that  sometimes  the 
opponents  of  such  projects  are  actuated,  con- 
sciously or  unconsciouslj' ,  by  a  desire  to  protect 
a  vested  interest  in  some  competing  mode  of 
transport. 

There  is  one  universally  held  theory  and  that 
is  that  all  methods  of  transportation  should  be 
"coordinated."  However,  when  one  gets 
down  to  particulars  this  coordination  too  fre- 
quently is  apt  to  mean  some  adjustment  as 
between  trucks,  railroads,  and  waterways  held 
to  be  advantageous  by  the  one  nuiking  the 
suggestion. 
Adequate  Transportation  Basic 

The  maintenance  of  an  effective  comprehen- 
sive transportation  sj'stem  is  possibly  the  most 
fundamental,  immediate  problem  that  we  have 
to  face.  A  nation  with  our  territorial  extent, 
population,  culture,  and  vital  dependence  of 
one  section  upon  another,  is  unique.  It  has 
been  made  possible  only  by  an  elaborate  and 
adequately  supported  railroad  system.  There- 
36        fore  any  move,  however  desirable  it  may  be  in 


itself,  which  unduly  infringes  upon  the  service- 
ability of  railroads,  is  to  be  deprecated. 

In  justification  for  those  who  oppose  the  ex- 
tension of  our  waterway  system  it  must  be 
remembered  that  we  do  frequently  keep  on 
doing  things  just  because  we  have  done  them 
in  the  past.  On  the  other  hand  back  of  the 
drive  for  waterways  there  are  frequentlj'  vested 
interests  seeking  special  privileges. 

There  are  technical  arguments  against  river 
developments  entirely  disassociated  from  cost 
considerations: 

(1)  the  disadvantageous  courses  of  mam' 

rivers    (circuitous    or    athwart    the    normal 

lines  of  traffic  movenuMit) ; 

CJi  till'  inllcxihilitv  (if  water  t  i;insi)ort  aiul 

the   a-^-.M-lnlcl    I'l.-I    ilial    cuiii  p.'i  in  1 1  V(>l  v  little 

froiiihl    (■:in    ni..\i>    \sliull.v    li.v    walcr   from   a 

point    of  onL;in   to  a  ])uint  of  consumption, 

(lclVri>    ili;it    inav    entail    relatively    heavy 

costs  lor  re-hipinent; 

i:>i    the    ii,ipr;,rti,':,lHlilv    of   lixin-   wliarfs, 

(|o<-k-,  .-hhI   utireliniiM-,  on   the  l,:,nk~  of  inost 

in  stream  levels;  and 

(4)  the  closure  of  northern  waterways  in 

winter,  with  resulting  seasonal  suspension  of 

traffic. 

But  in  recognizing  every  plausible  objection 
to  be  cited  against  extensions  to  our  system  of 
inland  waterways  we  should  not  lose  sight  of 
some  further  pertinent  facts: 

(1)  the  privately  owned  railroads  have 
been  consistently  opposed  to  virtually  all 
watoi-way  ti'ausportation  without  discrimi- 
nating; ;ip|irai~al,  the  control  of  which  they 
could  not  -ecine; 

(2j  essential  and  proper  rate  revisions  on 
railroads  have  in  certain  instances  come 
about  only  through  waterway  improvement ; 

(3)  there  are  inland  waterways  in  opera- 
tion in  our  country,  the  economic  justifica- 
tion of  which  is  generally  admitted ;  and 

(4)  Government— Federal,  State,  and 
local  already  has  a  large  investment  in 
waterways  which  it  probably  would  be 
quite  impossible,  if  not  unwise,  to  ignore. 

Public  and  Private  Rights  and  Obligations 

If  the  Government  is  to  retain  the  confidence 
of  our  people  it  must  be  reasonably  careful  in 
all  actions  which  affect  private  interests  so  as 
to  safeguard  the  real  equities  involved.  But 
we  must  here  as  elsewhere  have  in  mind  that 
the  pubUc  and  the  private  interest  are  of  wholly 
different  orders.  Government  frequently  can- 
not effect  the  largest  good  of  the  greatest  num- 
ber without  infringing  private  rights.  The 
Constitution  affords  protection  or  compensa- 
tion for  a  genuinely  injured  party.  Therefore, 
it  may  be  a  feeble  argument  against  a  waterway 
to  say  that  it  is  going  to  injure  a  privately 
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owned  railway  or  even  the  railway  system  as 
ii  whole.  A  railroad  is  no  more  free  from  the 
outcome  of  technological  evolution  or  of  new 
social  institutions,  than  is  the  corner  grocery 
store.  Under  free  institutions  there  can  be  no 
absolute  and  final  restriction  on  the  things 
Government  can  do  if  the  people  desire  to  do 
them.  Hence  waterway  policy  even  if  it  per- 
l)etii.itos  a  toll-free  system  may  be  sound  from 
tlio  standpoint  of  institutional  democracy,  even 
if  it  be  costly  from  the  standpoint  of  the 
l)udget  makers. 

Every  variety  of  transportation  facility — 
rivers,  railroads,  highways,  and  airways — has 
received  subsidy  at  one  time  or  another.  The 
wisdom  of  a  subsidy  must  be  judged  by  the 
situation  at  the  time  it  is  granted.  Wlien 
certain  transcontinental  railroads  were  sub- 
sidized tlirough  land  grants  the  country  was  in 
(lire  need  of  these  cross-country  routes  to  over- 
come delays  and  inconveniences  of  the  covered 
wagon  and  the  mule  train.  Transportation 
■subsidies  in  the  past — in  theory  at  least — have 
been  considered  warranted  only  where  there 
has  been  an  urgent  need  for  the  expansion  of 
transportation  facilities  not  readily  procurable 
through  private  initiative.  Certainly  the  war- 
rant for  transportation  subsidies  in  a  period  of 
vast  and  rapid  expansion  is  much  more  appar- 
ent than  at  present  when  we  are  having  diffi- 
culty in  holding  and  consolidating  our  economic 
])()sition. 

Ill  n-aeliing  conclusions  that  are  to  hold 
llirough  a  considerable  term  of  years,  as  is 
iidierent  in  the  Mississippi  Valley  Committee 
assignment,  it  is  not  feasible  to  build  too  exclu- 
sively on  what  is,  or,  especially,  on  what  has 
been.  One  should  have  in  mmd  that  in  maldng 
assumptions  as  to  what  the  transportation 
system  of  40  to  50  years  hence  should  be,  all 
the  mistakes  and  lack  of  efficiency  so  much  a 
|)art  of  the  present  can  be  largely  ignored, 
because  of  the  good  offices  of  amortization 
and  obsolescence.  To  plan  .50  years  ahead  is,  as 
it  were,  to  plan  with  a  clean  slate.  Such 
considerations  cannot  wholly  control  our  think- 
ing and  planning,  but  they  do  allow  some  meas- 
ure of  freedom  from  the  traniincls  of   wliat   is. 

Transportation  modes  and  t  r,iii-.|Miitation 
routes  are  peculiarly  open  to  ohsolrscciui'.  But 
l)oth  the  very  large  investments  usually  in- 
volved and  the  far-reaching  relations  of  the 
public  and  private  interests  that  may  be 
affected  bj'  change,  frequently  warrant  retaining 
facilities  long  after  their  profitableness  from  a 
strictly  accounting  standpoint  has  disappeared. 
This  logic  apphes  to  waterways  and  railroads 


alike,  once  they  are  established,  even  though 
later  developments  raise  a  question  as  to  the 
wisdom  of  the  original  investment. 

Had  we  no  noble  streams,  such  as  the  Co- 
lumbia, the  Delaware,  the  Hudson,  and  the 
Mississippi,  tying  our  interior  by  obvious 
transportation  routes  with  the  open  ocean,  and 
no  great  inland  seas  such  as  the  Great  Lakes 
and,  particularly,  if  we  had  never  gone  in  for 
inland  waterways,  our  problem  would  be  differ- 
ent. But  we  are  in  it,  and  in  it  deep,  and  prob- 
ably to  stay,  if  only  for  the  reason  that  develop- 
ment or  regulation  of  a  given  river  may  be 
desirable  from  one  or  more  staii(l|)oiiits  other 
than  navigation.  Irrigation,  flood  control,  low^- 
water  control,  and  power  development,  one 
or  all,  may  incidentally  improve  the  naviga- 
bihty  of  a  river.  So  our  task  is  to  take  the 
situation  as  it  is — not  as  any  one  of  us  would 
construct  it  anew — and  plot  a  reasonably 
logical  future  with  the  present  as  its  base. 
Outlays  for  Rivers  and  Harbors 

The  polic}^  of  improving  rivers  and  liarl)ors 
in  the  United  States  under  Fciloial  direction 
and  with  Federal  funds  w'as  begun  more  than  a 
lumdred  years  ago.  The  first  appropriation 
for  the  improvement  of  the  Ohio  (first  member 
of  the  Mississippi  System  to  receive  attention) 
was  made  in  1824.  The  total  of  the  appro- 
priations for  rivers  and  harbors  from  the  incep- 
tion of  the  work  to  June  30,  19.32,  including 
flood  control,  is  $1,941,779,999. 

Table  I. — Comparison  of  total  amounts  appropriated 
by  Congress  by  specified  dates  for  rivers  and  harbors 
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To  June  30- 

Aggregate  of 
appropriations 

Percent  of 

'°p5?it?dC 
June  30,  1932 

1  $111,299,465 

2  615,  427.  432 
5  660,  604,  210 

3  853,737,951 
5  1,041,805,547 
3  1,311,597,443 
'1,941,779,999 

G 

1915 

44 

100 

and  Harbor  Improvements  178&-1883,  House  Doc.  No.  64,  48th 
1st  session. 

!  Transportation    by    \Vater,    Bureau    of    the    Census,    1900. 
3  Annual  Reports,  Chief  of  Engineers,  U.  .S.  .\rmy,  for  years  indicated. 
The  last  three  items  include  flood  control. 

The  amounts  stated  for  1882  and  1906  are 
not  on  the  same  basis  as  the  others,  but  the 
discrepancies  are  not  sufficient  to  be  significant. 
These  data  indicate  that  during  the  period 
1920-1932  almost  as  much  money  was  appro- 
priated for  Rivers  and  Harbors  as  during  the 
hundred  years  preceding  1920. 

Some  part  of  the  expenditures  for  flood  con- 
ti'ol  on  the  Mississippi  River  is  properly  charge- 


37 


.1  Xational  able  to  navigation,  but  the  amount  thereof  is 
hiland  Waterway  difficult  of  determination,  for  some  construc- 
Pohaj  ^j^jj  serves  both  purposes.  As  a  matter  of 
fact,  of  the  $325,000,000  authorized  by  the  Act 
of  May  15,  1928,  for  flood  control  on  the  Lower 
Mississippi,  $100,000,000  was  charged  against 
navigation. 

The  total  expenditures  of  United  States  funds 
up  to  June  30,  1932,  when  adjusted  in  the 
manner  heretofore  indicnt  I'd,  to  exclude  amounts 
not  attribiitnhlc  diiv.ily  to  n;ivii.'ation  of  the 
rivers  and  htuhors  of  coutinciital  United  States, 
is  reduced  to  $1,534,802,753.  This  amount  in- 
cludes the  value  of  plant,  materials,  etc.,  on 
hand,  accounts  receivable  and  accounts  pay- 
able. The  cost  of  new  work  is  $1,062,217,931, 
and  maintenance  $435,812,044  subdivided  as 
follows: 


Cost  of  new 
work 

Costofmahi- 
tenance 

$444,684,556 
157,  190,  628 
377,  816,  695 
82,536,052 

Lake  harbors  and  channels 

41,  126,  585 

Intracoastal  canals  and  other  waterways  . 

27,817,860 

Miscellaneous 

25, 181,  467 

Total 

1,062,227,931 

435,  812,  043 

and  of  maintenance  for  jirojects  wiiicli  have 
been  abandoned  or  are  no  longer  active, 
amounts  which  have  been  expended  on  active 
projects  for  improvements  which  have  beer 
destroyed,  iib.iiKloncd,  or  replaced,  and  th( 
costs  of  otlicr  lon-l  i  net  ion,  such  as  required  foi 
protection,  flow  ago  riglits,  and  bridges  carrying, 
railroads  and  highways  across  the  channels 
being  improved.  In  most  cases,  of  course,  the 
expenditures  for  highway  and  railroad  bridges 
necessitated  by  river  improvements  were  not 
made  by  the  Federal  Government.  They 
were,  nevertheless,  an  essential  part  of  the 
social  cost  of  such  projects. 

The  streams  of  the  United  States  under 
improvement  or  wliich  have  been  improved  are 
here  summarized.' 


streams  tributary  to— 

Number  of 

Navigable 

214 
67 

43 

40 
10 
13 

5,572 

Gulf  of  Mexico  (exclusive  of  Mississippi  River) . 
Gulf  of  Mexico  from  Mississippi  River  and 
B  ranches 

4.621 
12,798 

462 

^11  other 

2,290 

387 

The  above  totals  include  the  cost  of  new  work 


1  Data  from  Statistical  Bu 
Harbors,  U.S.  Army. 


Board  of  Engineers  for  Rivers  and 


AVERAGE      YEARLY       APPROPRIATION      FOR     RIVERS    &     HARBORS 
1882    TO    1932 


I882-1906 


1906-1920 


C 


1920-I932 
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EACH     COMPLETE      DISC    =    $5,000,000 


Summarized  according  to  controlling  depth 
at  low  water,  the  mileages  are  approximately 
as  follows:  ^ 


Length 
(miles) 

Percent  dis- 
tribution 

11,377 
5,891 
4,784 
3,755 
1.S99 

41.  fi 

13.7 

Total 

27,406 

100.0 

Included  in  the  mileage  having  a  controlling 
depth  of  less  than  4  feet  are  1,895  miles  of  the 
Missouri  River  above  Kansas  City,  and  tlie 
upper  reaches  of  various  other  rivers. 

Some  portions  of  through  waterways  may 
have  large  tonnages,  while  other  portions  may 
have  extremely  low  tonnages.  A  given  river 
which  may  have  been  canalized  to  carry  parts 
of  these  tonnages  may  now  be  maintained  at  a 
relatively  high  cost,  and  in  itself  may  not  have 
been  worth  the  price  that  was  paid  for  its  devel- 
opment. However,  if  the  particular  stream 
has  become  a  traffic  feeder  for  a  main  route, 
such  as  the  Ohio  or  the  Mississippi,  its  aban- 
donment is  open  to  serious  question.  This  is 
especially  true  if  the  cost  deficit  which  the 
stream  in  question  sets  up  is  fully  reflected  in 
the  picture  of  costs  for  the  system  as  a  whole. 
The  reluctance  to  change  transportation  sys- 
tems or  modes,  however,  becomes  highly  objec- 
tionable when  carried  too  far. 

Perhaps  the  rapid  transition  to  pipe  lines  for 
carrying  oil  may  be  cited  as  a  well  advised  sliift. 
Pipe  lines  certainly  represent  a  direct  improve- 
ment in  transportation.  This  improvement 
came  about  because  of  industry's  ever  watchful 
demand  for  lower  cost  transportation  methods, 
the  appearance  of  new  technical  facilities  and 
economic  conditions,  and  the  power  of  a  great 
industry  to  make  the  necessary  investment. 

There  are  93,000  miles  of  pipe  lines  in  the 
United  States.  They  handle  not  less  than  75 
million  tons  of  crude  oil  a  year,  transporting  it 
an  average  distance  of  over  500  miles,  and 
produce  revenue  for  the  owners  in  the  order  of 
about  200  million  dollars  per  annum.  This 
sum  of  income  is  about  8  percent  of  the  total 
freight  revenues  of  the  railroads  of  the  country 
and  it  represents  not  less  than  35  billion  ton- 
miles  of  revenue  freight  traffic. 

Millions  of  barrels  of  oil  are  carried  by  ships 
and  barges  along  the  coasts  and  in  the  rivers  of 
the  United  States.    Tremendous  fleets  of  tank 


wagons  redistribute  the  various  forms  of  pe- 
troleum products.  The  very  existence  of  this 
combination  of  pipe  lines,  tank  steamers, 
barges  and  tank  wagons  bears  evidence  to  a 
degree  of  flexibility  and  accessibility,  and  a 
lowering  of  cost  in  the  transportation  of 
petroleum  products,  which  the  railroads  were 
unable  to  meet.  As  a  result  petroleum  products 
are  cheaper  to  the  consumer  and  the  social 
income  is  increased. 
Waterways  and  Railways  Complementary 

Similarly  we  have  developed  inland  water 
routes  which  carry  miUions  of  tons  of  products. 
The  water  routes  were  first  developed  because 
of  the  movement  of  the  early  pioneers  into  the 
vast  inland  areas.  Then  the  railroads  came, 
and  proved  through  their  greater  flexibility 
and  ability  to  tap  regions  not  close  to  the  rivers, 
a  great  transportation  asset.  Both  the  railroads 
and  the  waterways  serve  at  varying  costs  the 
transportation  needs  of  the  comitry  and  in 
each  area  sometimes  at  rates  largely  based  on 
the  competition.  Because  the  water  routes 
are  free  to  many  private  and  common  carriers, 
and  have  been  developed  over  a  long  period 
of  years  at  the  expense  of  the  national  and  state 
Governments,  it  is  contrary  to  sound  reasoning 
to  think  of  abandoning  them  simply  in  order 
that  this  additional  freight  may  be  carried  on 
the  railroads. 

These  natural  highways,  the  waterways,  can  never 
be  monopolized  by  any  corporation.  They  belong  to 
all  the  people  and  it  is  in  the  power  of  no  one  to  take 
them  away. — Theodore  Roosevelt. 

Any  expansion  in  transportation  facilities  to 
meet  an  eventual  increase  in  traffic  should  be 
along  the  lines  of  the  most  economical  invest- 
ment and  dev^elopment.  To  permit  the  vested 
interest  in  the  railroads  to  monopoHze  the 
entire  increase  at  the  expense  of  a  large  section 
of  the  country  desiring  to  make  use  of  a  genu- 
inely cheaper  mode  of  transportation  to 
market,  for  many  of  its  bulky  and  low-value 
products,  or  to  the  place  of  further  manufac- 
ture, would  not  appear  to  be  good  national 
economics. 
Importance  of  Coordination 

In  recent  years  a  tremendous  highway  de- 
velopment has  taken  place  over  a  large  por- 
tion of  our  country.  The  automobile  brought 
this  about.  Automobile  trucks  operated  by 
enterprising  business  men  have  grown  tre- 
mendously in  number,  simply  to  serve  better 
the  transportation  necessities  of  our  nation. 
The  auto  truck  is  here  to  stay,  to  serve  various 
classes  of  work  and  carry  various  classes  of 
conmiodities. 
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Uiil  so  arc  the  niilroiuls  here  lo  slay.  'I'licy 
will  probably  coutiuiu'  lo  bo,  ior  an  iiuleliiiili^ 
period,  the  backbone  of  the  transportation 
facilities  of  the  colmtr3^  The  pipe  line  systems 
are  liere  to  stay,  for  a  very  long  jjeiiod  to  serve 
vai-ious  and  ])articular  functions,  largely  in  the 
field  of  pctroleiini  and  its  products.  Similarly, 
the  waterways  are  here  and  in  some  localities 
are  of  such  importance  that  additional  money 
for  nuiintaining  and  for  increasing  their  cajjac- 
ity  can  be  well  spent.  This  does  not  mean 
(hat  every  possible  waterway  in  this  country 
should  be  developed.  It  is  quite  unlikely  that 
nuiny  of  the  routes  currently  considered  as 
])ossibilities  will  ever  be  developed. 

But  it  should  be  stressed  that  a  definite  plan 
for  transportation  as  a  whole,  incorporating 
all  of  these  various  methods,  is  needed.  The 
objective  is  a  definite  plan  to  continue  every 
variety  of  facihty,  and  to  expand  each  when 
necessary,  so  as  to  provide  a  system  which  will 
give  us  the  benefits  of  the  lowest  cost  trans- 
portation. The  great  opportunity  hes  in  a 
coordinated  use  of  waterways,  railroads,  pipe 
fines,  and  auto  trucks  so  as  to  effect  the  maxi- 
mum of  flexibifity  and  accessibility  at  the  lowest 
long-run  cost.  Planned  economy  ought  to 
move  in  no  other  way. 
Necessity  for  Cost  Data 

Irrespective  of  the  disposition  of  questions 
of  policy,  reasonably  exact  cost  data  should  be 
available  on  all  proposed  waterway  projects  so 
that  public  opinion  can  be  informed  before 
binding  commitments  are  made.  Provision, 
therefore,  should  be  made  for  estimating,  cost- 
mg,  and  accounting  of  a  type  which  will  give  the 
public,  the  fullest  and  most  dependable  grounds 
on  which  to  base  action.  It  has  now  become 
obvious  that  all  governmental  estimating  and 
accounting  must  be  kept  abreast  of  the  best 
current  standards  involving  as  they  do  ade- 
quate checks  between  estimated  costs  and  those 
actually  reafized. 

Both  accounting  and  cost  finding  techniques 
have  now  progressed  to  the  point  where  they 
constitute  fully  developed  and  independent 
arts,  quickly  appreciated  and  utilized  by 
industry.  It  will  constitute  a  real  step  forward 
when  government  learns  to  avail  itself  of  them. 

A  system  of  accounting  is  also  required 
through  which  the  capital  investment,  as  well 
as  maintenance  and  operating  costs,  on  any 
given  going  navigation  project  can  be  currently 
determined.  In  figuring  present  mvestment, 
it  should  be  recognized  that  outlays  previous 
to  a  certain  date  have  been  amortized  by  time 
if  not  tlirough  accoimtmg  procedures. 


Oidy  those  outlays  reasonably  chargeable 
to  luivigation  should  be  included  in  these 
navigation  costs.  AVliere  a  river  project  is 
built  for  joint  or  multiple  use,  each  of  the  pur- 
poses— recreation,  power,  flood  control,  etc. — 
should  have  allocated  to  it  the  proper  percent- 
age of  the  total  outlay. 

The  nation  undoubtedly  needs  more  definite 
and  disinterested  data  to  show  the  relative 
costs,  taking  in  all  factors,  of  transporting 
commodities  by  mland  waterways  in  compari- 
son to  other  media  of  transport.  Factual  data 
are  needed  on  this  subject  to  establish  justifica- 
tion or  no n justification  for  either  the  building 
or  continuation  of  any  waterway  program 
whether  it  be  extensive  or  limited.  The  same 
type  of  cost  data  will  be  required  for  other 
means  of  transportation  if  the  absolutely 
necessary  comparisons  are  to  be  made. 

Any  national  navigation  policy  should  com- 
prehend a  careful  and  comprehensive  study  of 
the  economic  justification  of  proposed  new 
improvements  in  inhmd  waterways.  It  is 
believed  that  tliis  phase  of  the  subject  has  in 
some  instances  in  the  past  been  too  lightly 
considered — if  considered  at  all.  Economic 
justification  should  be  definitely  established 
early  in  the  study  of  any  proposed  river  or 
canal  improvement. 
Rates  Based  on  Costs 

In  the  long  run,  aTul  as  a  general  policy,  all 
transportation  rates  should  be  based  on  the 
whole  cost  of  the  service  rendered.  But  this 
policy  today  is  not  feasible  as  to  rail  rates;  first, 
because  dependable  data  as  to  rail  costs  are  not 
now  available  and,  second,  because  if  they  were 
available  the  social  interest  in  many  instances 
would  not  be  served  by  a  too  rigorous  applica- 
tion of  rates  based  on  costs.  Whei'e  communi- 
ties and  industries  have  been  built  up  through 
what  was,  or  has  become,  preferential  treatment 
as  judged  by  cost  of  service,  moderation  must 
frequently  be  used  in  applying  rates  based 
wholly  on  costs.  Therefore  cost  as  the  single 
basis  for  rates  cannot  be  too  rigorously  enforced 
in  other  parts  of  the  transportation  field. 

If  one  could  assume  that  rail  rates  were  based 
on  cost  plus  a  reasonable  profit,  the  low'ering  of 
a  given  rate  to  meet  water  competition  would 
involve  raising  rates  elsewhere  to  meet  the  loss. 
In  fact  this  is  what  happened  during  the  period 
of  waterway  development  in  parts  of  the  South 
drained  by  the  Mississippi  and  its  branches. 
Just  what  advantages,  if  any,  should  be  ac- 
corded to  those  living  near  a  river  as  contrasted 
with  those  in  the  back  country  is  an  involved 
question. 


It  is  not  regarded  as  necessary,  nor  indeed 
practicable,  to  use  waterway  projects — either 
actual  or  potential — for  the  general  regulation 
of  railroad  rates.  Such  rates  should  be  regu- 
lated to  the  extent  necessary  to  guard  the  public 
interests  with  due  regard  to  the  existence  of 
competing  modes  of  transportation  whether  the 
latter  are  similarly  regulated  or  not. 

Nor  is  it  necessary  to  deprive  an  existing 
railroad  of  the  freight  wliich  it  may  be  able  and 
willing  to  transport,  with  at  least  an  operating 
profit,  in  competition  with  a  waterway,  merely 
to  swell  the  trafBc  on  the  latter.  But  the 
economic  value  of  the  waterway  cannot  always 
be  determined  solely  upon  the  basis  of  the 
tonnage  actually  carried;  due  credit  should  be 
given  for  the  reduction  in  transportation  rates 
whether  or  not  actual  transport  remains  with 
the  railroad. 

Until  we  know  more  than  we  do  today  about 
the  actual  costs  of  waterway  improvements  in 
terms  of  the  burden  to  be  carried,  actual  and 
potential,  it  is  difficult  to  suggest  a  pohcy  as  to 
the  extent  and  nature  of  the  charges  for  the  use 
of  navigation  facilities  provided  at  Govern- 
ment expense.  Generally  speaking,  reasonable 
charges  should  be  levied  on  new  projects.  This 
should  not  be  so  interpreted  as  to  preclude  pro- 
motional rates  during  the  development  period. 

Where  making  such  charges  would  bring 
about  the  disuse  of  facihties  alreadj'  in  exist- 
ence, and  especially  where  the  Government  is 
under  no  material  expense  for  maintenance  and 
operation,  it  would  be  unwise  to  levy  charges  on 
such  existing  projects.  The  pohcy  should  be 
generally  to  charge  something  where  special 
services  or  special   facilities  are   provided. 

In  further  consideration  of  this  matter  we 
should  Isnow  that  a  considerable  body  of  the 
well  informed  feel  that  a  charge  for  the  use  of 
inland  waterways  would  be,  under  the  present 
rate  set-up  and  relations  with  the  railroads, 
unduly  restrictive  and  tend  to  divert  traffic 
from  the  waterways.  The  railroads  with  their 
heavy  overheads  are  in  a  strong  position  to  cut 
rail  rates  more  or  less  indefinitely  to  capture  or 
bold  increments  of  traffic  wlaich  otherwise 
might  be  water  borne. 

The  jjolicy  of  the  Government  should  look 
toward  the  estabhshment  of  a  more  scientific 
basis  for  rate  making,  based  upon  cost  and 
kind  of  service.  This  is  not  only  true  of 
waterways,  but  of  all  other  media  of  transpor- 
tation. A  revamping  of  the  entire  rate 
structure  of  the  country  would  appear  to  be 
essential  before  a  properly  coordinated  system 
of  transportation  can  be  efl'ected. 


Unification  of  Waterways 

Given  an  inland  waterways  system,  the 
better  unified  it  is,  other  tilings  being  equal, 
the  better.  A  unified  system,  if  any,  must 
necessarily  be  the  objective,  and  not  a  more  or 
less  useless  collection  of  disconnected  segments 
of  varjdng  widths  and  depths.  Pubhc  pohcy 
has  been  too  vacillating,  and  lacking  in  con- 
sistent and  energetic  attack.  As  a  result 
public  expenditures  for  waterways  have  been 
proportionately  inefl"ective.  Again  if  we  are  to 
have  improved  waterways  they  should  be 
used.  And  the  techniques  by  which  they  are 
to  be  put  to  work  and  kept  active  are  as  im- 
portant as  their  construction. 

In  order  to  obtain  the  best  results,  it  is 
believed  that  a  greater  degree  of  local  co- 
operation should  be  required  if  the  Federal 
Government  is  to  participate  ia  the  develop- 
ment of  waterways  on  a  large  scale.  If  a 
project  is  worthy  of  recognition  by  the  Federal 
Government,  it  is  worthy  of  some  local  partici- 
pation. River  improvements,  in  most  in- 
stances, confer  an  especial  benefit  upon  portions 
of  the  country  most  nearly  affected.  There  is 
always  danger  of  insistent  pressure  upon  the 
Federal  Government  for  the  expenditures  of 
money  upon  projects  which  have  not  been 
maturely  considered,  and  which,  if  part  of  the 
burden  were  chargeable  to  the  localities  in 
which  they  are  advocated,  might  not  be 
presented  to  the  Congress. 

Where  waterways  have  been  begun,  they 
should  be  completed,  generally  speaking,  unless 
it  has  become  clear  that  they  are  lacking  in 
economic  or  social  justification.  Wliere  the 
estimated  expense  is  considerable,  and  espec- 
ially where  the  economic  or  social  justification 
is  responsibly  questioned,  procedure  might  well 
be  as  in  the  case  of  new  projects. 

Advantages  of  a  Waterways  Commission 

It  is  strongly  held  by  some  interested  in 
waterway  transportation  that  it  would  not  be 
wise  policy  to  place  waterways  under  the 
jurisdiction  of  the  I.C.C. — a  body  which  up  to 
the  present  time  has  been  largely  concerned 
with  railroads,  of  which  the  problems  aie 
becoming  progressively  more  complicated  and 
exacting. 

Perhaps  a  master  move  toward  the  eventual 
coordination  of  railroads,  waterways,  and  all 
other  modes  of  transport  would  be  the  setting 
up  of  a  commission  to  regulate  water  rates  and 
cooperate  with  the  I.C.C.  in  setting  joint  rail 
and  water  rates.  Through  such  an  agency  the 
whole  waterway   situation   could   be  studied. 
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Tlnis  then'  would  he  i)roinulgiit('(l  ;iii  outlnok 
and  practices  as  to  water-borne  traflic  wliicli, 
through  general  discussion,  can  ultimately  gain 
some  measure  of  technical  and  public  approval. 
After  public  opinion  has  been  given  a  chance 
through  the  broad  functioning  of  such  an  agency 
to  arrive  at  some  basic  conclusions,  the  con- 
solidation of  all  Federal  regulating  agencies 
might  easily  become  the  next  logical  step. 

Following  the  appointinciil  of  such  a  water- 
ways commission,  one  of  tlic  lirst  duties  would 
be  the  determination  of  the  reasons  why  so  small 
a  percentage  of  the  present  commerce  of  the 
nation  is  now  moving  on  our  inland  waterways, 
why  the  barge  lines  now  operating  on  our  costly 
waterway  system  cannot  develop  and,  especially, 
hold  their  fair  proportion  of  freight  traffic, 
and  why  the  possibilities  of  such  streams  as  the 


Hudson  go  practically  unused.  Also,  it  would 
be  enlightening  to  know  why  it  is  that  in  coun- 
tries where  railroads  are  owned  wholly  or  in 
part  by  the  state  (France,  Germany,  Belgium, 
etc.),  and  where  iiiipniiiiient  of  railroad  values 
by  water  na\  ijiiit  kui  w  uuld  naturally  be  guarded 
against,  there  lia\c  been  consistent  policies  of 
development  of  water  navigation,  whereas 
in  the  countries  in  which  railroads  are  privately 
owned  there  has  been  no  such  national  water- 
ways pohcy. 

It  is  tragic  that  in  a  matter  so  obviously 
important  as  is  inland  waterway  transportation 
such  data  as  are  available  should  receive  so 
little  common  recognition.  Until  tliis  factual 
situation  is  generally  imderstood,  public  opin- 
ion will  remain  grounded  largely  on  guesswork 
and  the  whims  of  the  moment. 
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(The  Map  showing  the  distribution  of  the  fields  of 
operation  of  leading  electric  power  groups  was  printed 
by  courtesy  of  the  copyright  owners  only  in  a  few  copies 
of  this  report  circulated  for  official  purposes.  The  map 
could  not  be  included  in  the  generally  distributed  copies 
of  this  report.) 
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POWER  — A  COORDINATING  FACTOR 
IN  RIVER  DEVELOPMENT 


Power,  flood  control,  low-water  control,  navi- 
gation, irrigation,  a  wide-spread  development  of 
rural  electrification,  and  an  extensive  national 
reserve  against  unemployment,  appear  inex- 
tricablj'  bound  up  in  the  possibilities  of  the  un- 
developed waters  of  the  Mississippi  Valley. 
Building  a  dam  for  flood  control  alone  may  not 
be  economicaUy  feasible,  but,  when  given  multi- 
ple purposes  such  as  power,  recreation,  and  navi- 
gation along  with  flood  control,  the  economic 
status  of  such  a  dam  may  show  a  decided  im- 
provement. So  it  appears  to  be  with  the 
development  of  the  waters  of  the  Mississippi 
Drainage  Area  as  a  whole.  Approached  from 
any  one  standpoint,  whether  flood  control  or 
navigation  or  power,  their  full  control  and  use 
for  the  highest  social  purpose  may  seem  remote. 
Likewise  when  approached  from  a  Umited 
regional  standpoint  the  solution  of  any  one 
problem  may  appear  impracticable.  But  if  we 
can  utilize  these  undeveloped  resources  on  a 
Valley-wnde  and  multiple-purpose  basis  the  goal 
of  their  maximum  and  best  use  seems  within 
reach.  A  most  promising  key  appears  to  lie  in 
the  unification  of  the  national  electricity  supply. 
Power  Resources 

The  total  water-power  possibilities  of  the 
Mississippi  Valley,  together  with  the  installed 
capacity  of  existing  plants,  both  hydro  and  fuel 
generation,  are  given  in  the  accompanying 
graph. 

An  analysis  of  the  data  on  which  this  chart 
is  based  shows  that  while  the  water  power 
possibiHties  of  the  Mississippi  River  and  its 
tributary  streams  approximate  16,000,000  kw., 
not  more  than  2,000,000  kw.  have  been  de- 
veloped. It  thus  appears  that  around  seven- 
eighths  of  the  Valley's  water-power  resources 
are  yet  undeveloped. 

The  low-cost  and  medium-cost  power  sites 
possible  of  development  arc  estimated  to  total 
11,836,400  kw.,  a  close  ui)|)roximation  to  the 
total  present  instaUation  of  all  kinds,  namely, 
13,065,000  kw.  Even  though  the  Government 
had  title  to  a  water-power  project,  the  time  and 
economy  of  its  development  would  be  influ- 
enced by  the  prevailing  cost  of  power  as  pro- 
duced by  coal,  gas,  or  oil — especially  when  the 
project  is  one  disassociated  from  other  objec- 
tives such  as  navigation  or  flood  control.  The 
low  operating  cost  of  hydro  projects  and  the 


social  advantage  of  utihzing  an  inexhaustible 
resource,  and  one  wasted  or  lost  if  not  used 
also  have  a  bearing. 

Out  of  the  11,836,400  kw.  of  low-  and  me- 
dium-cost feasible  power  installations  unde- 
veloped, 9,151,500  kw.,  or  78  percent,  is  in  the 
Ohio  subbasin  and  therefore  generally  in  the 
region  of  the  largest  populations  and  most 
important  manufacturing  centers.  It  does  not 
foUow,  however,  that  any  given  dam  in  the 
Oliio  Drainage  Area  is  in  such  proximity  to  a 
center  capable  of  utihzing  its  possibilities  of 
power  production  as  to  make  its  development 
at  present  economicaUy  feasible.  Such  power 
sites  have,  as  a  rule,  already  been  developed. 
However,  even  if  relatively  remote  from  con- 
sumption centers,  and  therefore  uneconomical 
to  develop,  most  power  sites  could  be  tied  into 
a  region-wide  system.  Once  this  objective  is 
set,  many  site  developments  become  feasible 
particularly  if  and  when  regional  transmission 
networks  are  interconnected  over  wide  areas. 

In  the  case  of  dams  buUt  primarily  for  navi- 
gation or  for  flood  control,  or  for  these  purposes 
combined,  the  power  generated  is  frequently  a 
byproduct.  The  percentage  of  constant  or 
prime  power  in  such  instaUations  is  quite  fre- 
quently too  low  to  make  power  development 
attractive  when  such  projects  are  considered  as 
individual  units  rather  than  as  contributing 
agencies  in  a  far-flung  interconnected  system. 
The  diversification  made  possible  by  wide  inter- 
connections changes  into  firm  power  what 
would  be  secondary  or  "dump"  power  when 
not  so  interconnected.  Some  dams  built  ex- 
clusively for  flood  control  can  be  used  at 
certain  seasons  wholly  for  power,  for  floods 
never  occur  in  aU  areas  at  the  same  time,  and,  in 
some  regions,  indications  of  flood  conditions — 
or  their  absence — may  appear  well  before  the 
flood  seasons.  While  the  electrical  industry  has 
had  an  abundance  of  experience  in  operating 
hydro  plants,  in  harmony  with  other  hydro 
plants  and  with  steam  plants,  the  full  technique 
of  playing  impounded  waters  as  parts  of  a  uni- 
fied system  remains  to  be  further  developed. 

There  is  nothing  novel  in  the  conception  of  a 
completely  unified  system  for  generation  and 
transmission  of  electricity.  Over  wide  areas 
such  unification  exists.  It  should  not  be 
difficult  to  reconcile  the  public  and  private  in- 
terests involved  in  including  in  such  a  system 
power  from  dams  which  are  bmlt  primarily  for 
the  proper  use  and  control  of  the  nation's 
water  resources.  The  legal  and  operating 
problems  appear  relatively  trivial  in  contrast 
to  the  great  social  purposes  to  be  accompUshed. 
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The  result  will  eventually  be  a  single  ocean  of 
energy  embracing  every  power  source  whether 
publicly  or  privately  owned  and  all  for  the  use 
of  the  mighty  civilization  developing  in  the 
Mississippi  basin. 
Effect  of  Present  Status  on  Use 

The  need  for  coordination  and  unification  is 
emphasized  by  an  examination  of  the  two 
accompanying  maps — one  showing  the  fields  of 
operation  of  the  leading  private  electric-power 
groups  and  the  other  the  plants  owned  and 
operated  by  municipaUties.  The  first  has  been 
called  a  "crazy  patchwork"  of  operating  areas, 
but  the  second  is  Ukewise  a  mass  of  inde- 
pendent, unrelated,  and  frequently  uneconomic 
generating  units.  All  concerned  suffer  from 
isolation. 

In  an  area  comprising  central  and  northern 
Illinois,  eastern  Missouri,  northern  Indiana, 
southern  Michigan,  and  a  section  of  Wiscon- 
sin— in  which  are  located  the  cities  of  St.  Louis, 
Chicago,  Milwaukee,  and  Detroit — the  installed 
generating  capacity  is  4,585,000  kw.,  of  which 
only  66  percent  was  in  use  as  measured  by  the 
maximum  peak  load.  Using  the  British  esti- 
mate of  an  excess  capacity  of  15  percent  as 
necessary  to  sound  operation  if  all  generating 
plants  were  feeding  into  a  comprehensive 
transmission  system,  there  would  still  remain 
1,086,000  kw.  of  installed  equipment  not  in 
use.  Studies  of  comparable  areas  in  Penn- 
sylvania, New  York,  and  New  Jersey  show 
excess  generating  capacity  over  maximum 
peaks  ranging  from  30  to  37  percent. 

However,  measured  against  the  greatly  in- 
creased demand  which  the  pohcy  outlined  in 
this  report  would  certainly  make  possible  even 
the  largest  of  these  power  centers  are  not  "over 
built."  Nor  wiU  the  output  of  existing  systems, 
pubhc  and  private,  augmented  by  hydroelec- 
tric power  generated  by  the  Government  as 
a  part  of  its  flood  control-navigation-power 
policy,  meet  long-range  requirements.  The 
supply  must  still  be  supplemented  by  fuel  sta- 
tions, and  happily  the  Mississippi  Basin  is 
rich  in  coal,  lignite,  gas,  and  oil.  The  wide 
range  of  higher  uses  to  which  the  Nation's  oil 
supply  can  be  put  should,  however,  discourage 
its  use  for  central-station-power  supply. 

The  power  picture  of  the  Mississippi  region 
which  confronts  us,  therefore,  is  that  of  certain 
overbuilt  areas  unable  to  seU  the  power  wliich 
their  installed  capacity  enables  them  to  gen- 
erate; of  other  areas,  especially  rural  regions, 
which  enjoy  no  electrical  service  at  all;  of 
general  domestic  and  municipal  under  con- 
sumption; and  of  a  large  number  of  municipal 
plants    generating    their    own    current    which 


could  be  more  economically  served  from  the 
common  pool. 

To  provided  in  consierable  measure  the 
leadership  for  the  accomplishment  of  these 
momentous  economic  and  cultural  gains  in  the 
years  just  ahead  is  a  task  of  Government.  But 
any  such  planning  must  provide  for  an  orderly 
and  gradual  development  in  which  both  pubhc 
and  private  interests  are  fully  considered. 
In  the  new  order  here  suggested,  wliich  can 
necessarily  achieve  its  purpose  only  through  the 
progressive  building  of  group  and  regional  and 
interregional  transmission  networks,  all  inter- 
connected, existing  generating  and  transmission 
systems,  public  and  private,  will  not  only  be 
needed  but  will  find  their  advantage  in  co- 
operating in  the  larger  unified  scheme. 

The  private  companies  would  gain  through 
increased  use  of  their  present  facilities ;  thi-ough 
not  having  to  finance,  in  part  at  least,  new 
generating  and  transmission  equipment; 
through  lower  investment  costs;  and  through 
the  advantages  of  improved  stability  of  service 
and  added  sources  of  energy. 

Already  there  is  in  practice  some  degree  of 
interconnection  between  companies  and  sys- 
tems not  under  the  same  ownership.  These 
are  operated  over  limited  areas  in  New  England, 
in  the  East  Central  states,  in  the  South  and 
on  the  Pacific  Coast.  To  illustrate,  the  Penn- 
sylvania-Ohio-West  Virginia  interconnection  in 
1931  had  an  estimated  peak  of  1,750,000  kw. 
and  served  a  population  of  9,000,000  in  300 
cities  and  towns. 

But  the  present  rate  of  effecting  such  inter- 
connection is  too  slow  to  meet  the  pubhc  need, 
because  it  is  retarded  by  intercompany 
rivalries  and  other  conditions  not  grounded  on 
social  interest  and  yet  readily  removable. 
Therefore,  just  as  the  original  impetus  to  inter- 
connection was  given  by  the  Government  during 
the  World  War  in  requiring  any  company  having 
excess  capacity  to  transmit  its  surplus  current  to 
nearby  territory  in  need  of  it,  now  the  Govern- 
ment must  take  the  lead  if  we  are  to  acliieve 
the  unification  desired  in  the  new  war  upon 
economic  waste  and  instabihty,  unemploy- 
ment, and  the  progressive  destruction  of  basic 
natural  resources. 
How  to  Interconnect 

The  accomphshment  of  the  necessary  large- 
scale  interconnection  can  probably  be  had 
through  progressive  apphcation  of  what  is 
essential  in  the  common  carrier  principle. 

It  should  be  remembered  at  this  point  that 
the  plan  here  projected  does  not  involve  the 
question  of  public  or  private  ownership  of 
either  generation  or  distribution.     Government 
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control  of  transmission,  however,  is  fundamen- 
tal. This  goal  does  not  involve  necessarily  any 
great  increase  in  the  number  of  publicly  owned 
lines,  especially  if  the  private  companies  cooper- 
ate in  effecting  unification. 

Doubtless  the  Government  will  have  to 
build  some  connecting  lines  to  bring  its  own 
hydrocurrent  to  market  in  cases  where  com- 
panies have  no  need  to  build  for  their  own 
purposes,  or  where  the  Government  enters  new 
areas  in  its  promotion  work  for  the  common 
welfare,  for  example  in  the  field  of  farm 
electrification. 

Because  the  Government  must  have  outlets 
for  the  power  developed  as  an  integral  part  of 
its  conservation  program,  if  the  present  system 
operates  to  block  these  outlets  the  national 
mterest  must  obviously  lead  to  a  change  in  the 
system.  The  character  and  extent  of  the  change 
will  depend  on  conditions  as  they  develop. 

Public  control  sufficient  to  effect  unification 
of  transmission  to  compass  the  desired  end  is 
important — not  the  percentage  of  publicly 
owned  plants.  To  ensure  a  balanced  judgment 
on  the  whole  problem  it  is  well  to  remember 
that  the  item  of  transmission  represents  only 
about  20  percent  of  the  total  investment  in 
the  electrical  industry,  as  indicated  on  the 
graph  herewith. 

The  limited  use  of  the  common  carrier  prin- 
ciple, already  made  in  various  parts  of  the 
United  States  by  private  companies,  has  yielded 
satisfactory  results.  It  is  the  central  factor  in 
the  Ontario  Hydro  Electric  System  where  a 
virtual  government  monopoly  exists.  But  the 
best  illustration  of  the  complete  utilization  of 
the  common  carrier  principle  where  public  and 
private  agencies  cooperate  under  the  direction 
of  the  State  is  found  in  Great  Britain. 
The  British  "  Gridiron  "  System 

After  the  World  War,  Great  Britain  was 
faced  by  a  condition  of  their  electrical  industry 
somewhat  similar  to  ours  at  present.  The 
British  answer  to  the  problem  is  pertinent.  Its 
chief  objective  is  the  same  as  our  own — greatly 
increased  and  more  widespread  use  of  current 
made  possible  largely  by  lowered  cost;  its 
instrument  the  same  as  here  suggested^public 
control,  especially  of  fully  coordinated  trans- 
mission. 

One  of  the  chief  reasons  advanced  in  favor 
of  the  Grid  proposal  in  Great  Britain,  and  one 
which  led  the  Conservative  Baldwin  Govern- 
ment to  favor  it,  was  as  with  us  the  prospect 
that  surplus  capacity  would  be  reduced  ulti- 
mately from  the  then  existing  45  percent  to 
about  15  percent,  because  power  would  be  sup- 


plied from  the  common  power  pool  and  capital 
outlay  for  excess  generating  facilities  would 
be  minimized. 

We  may  pass  over  a  series  of  investigations 
and  the  enactment  of  1919,  based  on  voluntary 
cooperation,  which  failed  to  secure  necessary 
unification,  and  note  that  the  Parliament  met 
the  impasse  in  1926  by  passing  the  Electricity 
(Supply)  Act  based  on  the  findings  of  a  special 
inquiry  commission  headed  by  Lord  Weir, 
which  adopted  the  principle  of  forced  coopera- 
tion in  the  pubhc  interest. 

THE    WEIR     REPORT 

"The  report  (the  essential  provisions  of 
which  were  adopted)  recommended  the  estab- 
lislmient  of  a  comprehensive  network  of 
transmission  mains,  called  the  'Gridiron', 
interconnecting  all  selected  stations  (43  exist- 
ing ones  and  15  new  ones  proposed)  where 
generation  would  be  centralized  .  .  . 

"It  further  recommended  the  creation  of  a 
new  body  termed  the  Central  Electricity  Board 
with  powers  to  construct,  own,  and  operate 
the  proposed  'Grid'  system  of  high  tension 
transmission  lines ;  that  selected  stations  should 
be  operated  by  the  o\vners  under  the  direction 
of  the  board;  and  that  all  high-tension  energy 
generated  by  authorized  imdertakers  in  the 
country  after  a  certain  date  should  be  generated 
under  control  in  accordance  with  a  technical 
scheme  for  the  country,  and  sold  through  the 
board  to  all  authorized  undertakers,  at  cost 
price  .  .  . 

"It  proposed  'not  a  change  of  ownership, 
but  the  partial  subordination  of  vested  interests 
in  generation  to  that  of  a  new  authority  for 
the  benefit  of  all,  and  this  only  under  proper 
safeguards  and  in  a  manner  which  will  preserve 
the  value  of  the  incentive  of  private  enter- 
prise.' "  ' 
The  "  Grid  "  Applied  to  the  United  States 

The  application  of  the  British  Grid  System 
to  the  United  States  with  its  relatively  greater 
areas  to  be  coordinated  is,  in  a  way,  visualized 
by  five  comparisons  where  such  controUing 
factors  as  area,  population,  generating  capacity, 
and  population  density  considered  together 
are  similar  enough  to  make  such  comparisons 
valuable.  The  maps  herewith  show  the  British 
Grid  laid  down  upon  five  fairly  comparable 
areas  in  the  United  States.  Obviously  Ameri- 
can practice  in  the  application  of  the  Grid 
idea  will  be  made  to  suit  American  conditions. 

When  the  Federal  Power  Commission  survey 
of  facilities  and  demand  is  completed  it  wtU  be 
possible  to  chart  intelligently  regional  networks 
with  the  suggested  tie  lines  connecting  them. 
In  the  absence  of  data  on  which  to  base  exact 
conclusions  a  tentative  and  illustrative  region- 
alization  is  shown  on  the  accompanying  map. 

'  Quoted  from  the  Encyclopedia  Brltannlca 
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With  the  gradual  development  of  interconnec- 
tions the  gap  between  installed  capacities  and 
actual  use  will  be  progressively  narrowed,  thus 
reducing  present  costs  for  electricity  actually 
used  and  retarding  the  need  for  increased 
generating  capacity. 

During  the  initial  period  Government  hydro 
plants,  built  in  connection  with  a  larger  pro- 
gram 01  water  use  and  control,  can  be  started 
which  will  provide  added  current  as  it  becomes 
needed.  That  is  to  say,  the  Government  will 
have  sufficient  general  information  in  hand  to 
begin  at  once  to  plan  broadly  for  complete 
development  of  its  river  public  works  in  the 
Mississippi  Valley,  works  invohing  a  total  of 
about  one  bUlion  dollars  and  to  be  completed, 
say,  over  a  period  of  20  years.  Perhaps  50 
percent  of  this  total  will  be  for  power  installa- 
tions and  therefore  self-liquidating.  The  sum 
also  includes  local  contributions  such  as  for 
flood  control. 
Rural  Electrification 

Along  with  the  recognition  that  agricultural 
rehabilitation  is  a  basic  national  problem,  it  is 
assumed  that  electric  power  has  an  important 
part  to  play  in  its  solution.  The  task  is  to 
achieve  rural  electrification  fairly  promptly  on 
a  wide  scale. 

Says  President  Roosevelt:  "Fifty  million 
men,  women,  and  children  directly  within  our 
borders  are  directly  concerned  with  the  present 
and  future  of  agriculture."  And  again:  "Elec- 
tricity can  relieve  the  drudgery  of  the  housewife 
and  lift  the  great  burden  off  the  shoulders  of 
the  hard-working  farmer."  Emphasis  is  given 
to  these  words  by  the  fact  that  there  are  an 
astounding  number  of  distinct  practical  uses  to 
which  the  farmer  and  his  wife  can  put  this 
"willing  servant",  many  of  them  economically 
profitable,  others  cultural. 

Of  the  sLx  miUion  fanns  in  the  United  States 
over  800,000  are  "electrified."  But  only 
about  650,000  have  "high  line"  service.  The 
balance  have  individual  plants,  expensive  to 
operate  and  limited  as  to  use.  Over  5,000,000 
farms  are  entirely  without  electric  service. 
Estimates  as  to  the  number  of  these  which 
can  now  economically  be  given  service  range 
from  one  to  three  milfion.  The  wade-open 
character  of  this  opportunity  is  emphasized  by 
the  mucli  larger  percentage  of  farms  having 
telephones  and  automobiles  than  those  having 
electricitjT,  as  showm  on  the  accompanying 
graph. 

Unless  the  Federal  Government  assumes  an 
active  leadership,  assisted  in  particular  in- 
stances  by  State  and  local  agencies,  only  a 


negligible  part  of  this  task  can  be  accomplished 
within  any  reasonable  tune. 

The  big  problem  in  rural  electrification  is  not 
the  cost  of  generating  energy  but  the  cost  of 
delivering  it  to  the  rural  customer.  In  Canada, 
Great  Britain,  France  and  other  countries  this 
fact  has  been  recognized.  In  Ontario,  where 
rates  are  low,  the  Provincial  Government,  in 
its  policy  of  promoting  the  basic  industry  of 
agriculture,  has  contributed  50  percent  of 
the  costs  of  primary  Unes  and  equipment  neces- 
sary to  supply  rural  customers.  This  contri- 
bution of  some  $9,000,000  has  resulted  in  the 
construction  of  over  9,000  miles  of  rural  pri- 
mary Unes,  serving  60,000  customers  with  a 
maximum  demand  of  27,000  kw.  The  Prov- 
ince also  grants  long  term  loans  for  house 
wiring  and  for  purchase  of  appliances.  In 
Great  Britain  experiments  have  been  initiated 
with  the  object  of  ascertaining  what  results 
may  be  expected  from  the  development  of  a 
rural  supply  of  electricity  in  representative 
rural  areas. 

Several  reasons  might  be  advanced  to  explain 
why  only  10  percent  of  the  nation's  farms  (less 
than  six  percent  in  the  Mississippi  Valley) 
purchase  electricity.  These  are  the  lack  of 
interest  by  operating  companies  in  rural 
electrification,  high  cost  of  line  construction 
because  of  the  unnecessarily  expensive  type  of 
line  used,  onerous  restrictions  covering  rural 
line  extensions,  and  high  rates. 
How  to  Make  the  Start 

Having  recognized  the  advantages  of  rural 
electric  service  and  reached  the  conclusion 
that  only  under  Governmental  leadership  and 
control  is  any  considerable  electrification  of 
"dirt  farms"  possible,  we  face  the  obvious 
obligation  of  getting  it  done.  Perhaps  the 
start  should  be  through  an  allotment  of  $25,000 
or  $50,000  to  survey  specific  localities.  But  an 
allotment  of  $100,000,000  actually  to  build 
independent,  self-liquidating  rural  projects 
would  exert  a  mighty  influence  in  various 
directions. 

The  proposal  does  not  involve  competition  with 
private  interests. — This  plan  calls  for  serving 
territory  not  now  occupied  and  not  likely  to  be 
occupied  to  any  considerable  extent  by  private 
interests.  The  proposal  has  become  possible 
only  recently  through  the  marvelous  develop- 
ment of  the  Diesel  engine,  which  could  be  used 
for  power  in  regions  where  high  line  extensions 
are  not  feasible.  Another  source  of  power 
would  be  small  hydro  plants  where  suitable 
sites  are  available.  In  cases  where  it  is  practi- 
cable, public  transmission  lines  utilizing  either 
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government  or  private  power  sources  could 
be  erected.  Rural  distribution  lines  will  cost 
from  $500  to  $800  per  mile  to  construct,  and 
to  amortize  this  cost  in  20  years  involves  a 
cost  to  each  of  three  consumers  on  a  mile  of 
line  of  about  $1.00  per  month. 

While  there  are  variations  in' the  cost  of  rural 
service,  it  is  obvious  that  the  key  to  low  rural 
rates  as  to  all  rates,  lies  in  extensive  use  of 
current.  In  doubling  the  use  of  current  the 
cost  per  unit  is  all  but  cut  in  half. 

Planning  on  a  wide  scale,  say  of  service  to 
500,000  farms  in  units  of  1,500  farms,  the  total 
cost,  if  generating  plants  are  included  for  each 
unit,  would  be  $165,000,000  or  $330.00  per 
farm;  but  if  one-half  of  the  units  can  be  sup- 
plied from  existing  sources  the  total  cost  would 
be  about  $140,000,000  or  $280.00  per  farm. 
In  both  cases  the  outlay  would  be  amortized 
through  an  appropriate  element  in  the  rate. 
Regarding  Expected  Increase  of  Demand 

If  it  be  objected  that  it  is  not  sound  economics 
for  the  Government  to  build  stations  when  the 
present  generating  capacity  cannot  or  does  not 
find  a  market,  the  answer  is  that  this  criticism 
places  the  cart  before  the  horse  and  ignores  the 
social  purpose  underlying  the  policy  proposed. 

The  present  consumption  of  electrical  energy 
is  not  to  be  assumed  as  a  base  upon  which  to 
estimate  the  demand  upon  such  a  system  as  is 
here  considered.  Not  oidy  are  there  consider- 
able areas  which  have  no  electric  service  at  all, 
in  particular  hamlets  and  farm  districts,  but 


because  of  the  prevailing  high  rate  schedules  in 
areas  now  served  usage  is  sharply  restricted. 

Recent  studies  of  domestic  consumption  in 
low-cost  municipaUties  demonstrate  that  the 
load  factor  invariably  mounts  for  a  prepon- 
derant percentage  of  customers  in  response  to 
lowered  rates,  and  this  affords  a  reasonably 
firm  base  for  calculation  of  future  demands. 

In  Seattle,  yearly  domestic  consumption  has 
reached  an  average  of  1,108  kw.-hrs.  per  home; 
in  Tacoma,  1,550  kw.-hrs.  Twenty-sLx  cities  of 
Ontario  show  an  average  of  1,779  kw.-hrs.,  and 
Winnipeg,  with  an  average  net  cost  of  eight 
mills  per  kw.-hr.  has  an  average  yearly  con- 
sumption in  excess  of  4,000  kw.-hr.  It  has 
been  demonstrated  that  it  is  low  rates  and  not 
the  fact  that  these  cities  He  in  the  belt  of  high 
coal  costs  that  accounts  for  this  high  average 
use.  When  such  results  are  set  against  our 
national  average  of  604  kw.-hr.  per  year  in  1933, 
a  point  reached  after  a  slow  climb  from  339  kw.- 
hr.  in  1920,  it  becomes  apparent  that  the  expec- 
tations entertained  here  are  not  unreasonable. 

Competent  planning  will  take  cognizance  not 
only  of  the  increased  domestic  load  and  the 
demand  which  wholesale  farm  and  railroad 
electrification  will  bring,  but  also  of  many 
other  considerations  of  public  convenience  and 
safety  which  may,  for  instance,  soon  bring 
about  from  two  to  four  times  the  amount  of 
municipal  street  and  alley  lighting  now  in  use. 
Cheap  power  for  pumping  will  become  an 
important  element  of  water  conservation  and 
afford  a  desirable  night  load  at  specially  low 
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rates.  The  increasing  hazards  of  congested 
automobile  traffic  will  soon  lead  to  the  lighting 
of  dangerous  sections  of  country  roads  at  night 
and  even  to  whole  arterial  liighways  between 
large  cities.  These  are  but  samples,  all  of 
which  anticipate  a  demand  upon  generating 
and  transmission  facilities  far  beyond  our  pre- 
vailing ideas  of  use. 
Conclusion 

The  plan  here  proposed  for  power  develop- 
ment in  the  Mississippi  Basin  involves  three 
great  factors:  (1)  the  Grid  system  as  a  tie-in; 
(2)  a  great  program  of  public  works,  and  (3) 
such  a  wider  use  of  electricity  as  would  be 
attained  through  rural  electrification.  Power 
thus  becomes  a  component  part  of  a  larger 
plan  aiming  at  the  solution  of  the  fundamental 
problems  of  flood  control,  low  water  control, 
navigation,  irrigation,  soil  conservation,  foresta- 
tion,  recreation,  and  other  matters,  on  which 
depend  not  only  ordinary  human  welfare  as  we 
have  been  accustomed  to  view  it,  but  the  very 
preservation  of  the  physical  foundations  on 
which  our  civilization  rests.  The  consumma- 
tion of  these  objectives  Ues  outside  the  field  of 
private  initiative.  The  nation  must  take  the 
lead. 

In  respect  to  power,  the  plan  does  not  rest 
upon  any  captious  criticism  of  the  electrical 
industry,  or  place  any  burdens  upon  its  whole- 
some practices,  its  initiative  or  usefulness. 
On  the  contrary,  rightly  viewed,  the  industry's 
position  will  be  strengthened  by  coordination 


with  the  efforts  of  the  Government  in  working 
out  its  comprehensive  plan  and  in  cooperation 
with  the  States,  municipalities  and  power 
districts  in  solving  their  respective  problems. 

The  plan  here  considered  in  both  its  immedi- 
ate and  long  range  aspects  is  directly  related 
to  another  social  problem  of  Uke  fundamental 
import — unemployment.  There  is  involved 
not  only  the  acute  question  of  finding  work  for 
the  millions  displaced  by  the  present  depres- 
sion, but  for  those  involved  in  the  more  serious 
menace  of  chronic  technological  unemploy- 
ment. It  is  estimated  by  some  that  around 
5,000,000  men  wUl  be  indefinitely  displaced  by 
machines  and  measures  which  competing  in- 
dustries win  be  forced  to  adopt  or  cease  to 
operate. 

A  comprehensive  Mississippi  Valley  public 
works  program,  involving  ultimately  among 
other  items  the  building  of  possibly  500  dams 
of  some  magnitude,  would  absorb  a  consider- 
able portion  of  this  unemployment  total,  and 
do  so  over  a  long  period.  Men  and  women  if 
not  self-sustaining  must  be  supported  at 
public  expense.  The  financial  sanity  and 
soundness  of  the  enterprise  in  its  entirety  is 
then  further  emphasized  by  the  fact  that  not 
only  will  power  be  largely  self-liquidating,  but 
the  labor  factor  wUl  be  self-liquidating  also. 

Of  the  returns  in  terms  of  social  well-being, 
national  safety,  agricultural  and  industrial 
advance,  and  of  individual  happiness  and 
security,  there  is  no  yardstick  adequate  for 
the  measuring. 
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WATER  SUPPLY  AND  SANITATION 


Importance 

Provision  for  an  ample  supply  of  pure  water 
for  domestic  use  and  prevention  of  contami- 
natio^n  are  problems  of  major  importance  in 
planning  for  water  use  and  control.  All 
phases  of  these  problems  are  encountered  in 
the  Mississippi  Drainage  Area,  and  clear 
evidence  of  a  need  for  comprehensive  planning 
is  discovered  in  problem  areas  of  the  different 
drainage  basins. 

Certain  general  conditions  apply  variously 
to  different  areas  in  the  Valley.  In  the  dry 
regions  west  of  the  River,  many  cities  draw 
their  water  supplies  from  nearby  rivers  which, 
in  periods  of  extreme  drought,  become  very 
low.  Sewage  discharged  into  these  streams  is 
not  carried  off  promptly  and  the  natural  puri- 
fying process  characteristic  of  water  in  normal 
flow  is  incomplete.  Likewise,  in  the  humid 
regions  of  the  Valley,  the  problem  of  stream 
pollution  is  acute  during  the  seasons  when 
rivers  are  subject  to  low  stages.  In  all  regions, 
cities  obtain  water  trom  and  discharge  sewage 
into  the  same  stream  utihzed  by  industrial 
plants  to  carry  off  deleterious  waste  materials. 
Here  problems  of  water  treatment  arise  not 
only  seasonally  but  throughout  times  of  nor- 
mal flow.  At  low  stages,  however,  the  situa- 
tion becomes  critical. 

River  improvements  which  serve  in  main- 
taining dry-weather  flow  of  streams;  studies  of 
industrial  waste  treatment;  cooperation  be- 
tween municipalities  in  solving  problems  of 
supply;  purification  and  disposal;  direction  by 
Federal  and  State  agencies  of  attack  on  these 
problems,  all  constitute  an  important  part  of  a 
national  program  for  water  use  and  control. 
A  Public  Problem 

A  census  of  waterworks  made  in  1931  by  the 
Conference  of  State  Sanitary  Engineers  indi- 
cated that  roughly  four  out  of  five  urban 
dwellers  in  this  country  were  provided  ^nth 
water  by  municipalities  and  private  hydraulic 
companies.  Formerly  a  large  number  of  mu- 
nicipalities were  supplied  by  private  utilities. 
Within  the  last  25  years,  there  has  been  a  trend 
toward  public  ownership  of  waterworks. 

The  problem  of  securing  adequate  water 
suppUes,  even  for  present  demands,  is  difficult 
of  solution.  It  is  therefore  important  for 
municipahties  to  develop  adequate  plans,  look- 
ing reasonably  far  into  the  future,  to  provide 
for  their  needs.  Planning  of  future  supphes  is 
especially  necessary  when  the  source  of  supply 


is  a  river  draining  a  well-settled  valley.  It 
should  include  future  construction  of  purifica- 
tion works  and  extensions  of  the  distribution 
system  to  meet  the  needs  of  growth.  Further- 
more, comprehensive  planning  must  take  ac- 
count of  the  difference  between  the  problems 
and  possible  solutions  in  urban  and  rural  areas. 

1.  Urban:  Neighboring  communities  can  best 
and  most  cheaply  be  served  by  a  centraUzed 
waterworks  and  distribution  sy^stem.  Service 
of  water  by  districts  can  be  attained  by  agree- 
ments between  municipahties  involved,  through 
the  chartered  area  of  a  water  company,  or  by 
creation,  pursuant  to  law,  of  water  districts. 
In  some  States  such  districts  have  separate  tax- 
ing and  borrowing  powers  over  and  beyond  the 
municipalities  included  in  the  district. 

Processes  of  piirification  have  been  developed 
to  remove  or  modify  nearly  all  the  different 
kinds  of  organic  and  inorganic  impurities  pres- 
ent in  raw  water.  These  processes,  if  properly 
applied,  can  produce  a  bacteriologically  safe 
water  and,  usually,  a  palatable  supply  even 
though  the  raw  water  is  too  polluted  for  safe 
use.  There  is,  however,  a  definite  trend  among 
waterworks  engineers  and  a  rapidly  growing 
demand  on  the  part  of  the  intelligent  pubhc 
for  use  of  relatively  clean  water  as  the  source 
of  supply,  with  minimum  artificial  purification. 

2.  Rural:  In  rural  districts  the  population 
must  depend  on  individual  effort  to  secure 
water  for  drinking  and  domestic  use.  Where 
water  table  is  relatively  high,  private  supphes 
are  generally  obtained  from  springs  and  dug  or 
drilled  wells.  In  sparsely  inhabited  areas, 
ground  waters,  except  those  from  fissured 
limestone,  broken  shale,  or  other  loose  strata, 
are  usually  fairly  pure.  Maintenance  of  this 
purity  depends  on  care  taken  to  protect  weUs 
and  springs  from  pollution. 

The  Supply 

1.  Chemical  Character:  The  chemical  impur- 
ities of  the  surface  and  underground  water  in 
the  Mississippi  Basin  and  the  suspended  matter 
in  the  surface  waters  range  from  almost 
nothing  at  some  places  and  times  to  quantities 
that  make  the  waters  entirely  unfit  for  nearly 
all  uses  at  other  places  and  times.  Even  in 
the  pubhc  supplies  of  cities  are  found  wdde 
ranges  in  hardness,  for  example,  of  from  three 
parts  per  milhon  for  Greenville,  Miss.,  and 
four  for  AshevUle,  N.C.,  to  800  for  Aberdeen, 
S.D.  Similarly,  suspended  matter  ranges 
greatly;  in  the  Wisconsin  River  near  Portage, 
Wis.,  averaging  4.6  parts  per  million  for  one 
year;  the  average  for  the  Missouri  River  near 
Kansas  City,  Kans.,  was  2,000  for  the  same 
year. 
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Ouly  a  com])arntivc'ly  sjnall  aniount  of  re- 
liable infonnation  is  available  on  the  chemical 
character  of  waters  in  the  Basin.  As  a  basis 
for  planning  for  use  or  treatment  of  a  river 
water,  at  a  given  point,  there  should  be  a  series 
of  chemical  and  ph3'sical  analyses  of  composite 
daily  samples  collected  over  a  period  of  a  3'ear 
or  more,  with  corresponding  discharge  data. 
For  the  Mississippi  Basin,  apart  form  Illinois 
and  Kansas,  there  are  not  more  than  25  reliable 
water  analyses  based  on  observations  carried 
on  over  a  year  or  more. 

2.  Sources:  Planning  for  protection  of  a 
water  supply  must  take  into  account  flood 
control,  forest  cover,  soil  erosion  and  river- 
flow  regulation.  Where  waterworks  are  lo- 
cated on  banks  of  rivers  subject  to  flood,  open 
parts  of  the  works  should  be  made  higher  than 
record  floods.  When  this  is  not  done,  or  when 
an  unprecedented  flood  occurs,  polluted  flood 
waters  menace  the  purity  of  the  domestic 
supply. 

Upland  waters  deiived  from  forest  lands  are 
hkely  to  be  much  cleaner  than  the  water  of 
most  main  rivers  and,  even  foUowing  heav,y 
rainstorms,  less  turbid  than  water  taken  from 
streams  draining  deforested  areas.  Soil  erosion 
is  an  important  cause  of  high  turbidity  of 
streams.  The  first  step  in  any  water-purifica- 
tion plant  is  sedimentation  to  remove  turbidity. 
Decreased  soil  erosion,  therefore,  would  Ughten 
the  silt  load  on  waterworks  below. 

In  streams  draining  developed  areas,  the 
sanitary  quality  of  the  water  is  poorest  during 
the  low  flows  of  summer,  especially  during 
drought.  Eiver  flow  regulation  to  increase 
these  low  flows  would  materially  benefit  water- 
works by  diluting  the  pollution  content  of  the 
raw  water  and  thus  would  improve  its  sani- 
tary quality.  Simultaneously,  the  quantity  of 
water  would  be  increased  at  times  of  greatest 
need. 
Treatment  and  Disposal 

1.  Sewers:  How  far  sewage  treatment  should 
be  carried  is  determinable  by  the  use  and  con- 
dition of  the  body  of  water  into  which  the 
effluent  is  discharged,  but  from  a  practical 
point  of  view,  a  less  degree  than  the  ideal  is 
sometimes  the  only  one  attainable.  Construc- 
tion and  operation  of  public  sewer  systems  are 
municipal  functions  subject  to  State  law  which 
generally  provides  for  approval  of  sewer  projects 
and  for  granting  by  State  Health  authorities  of 
permission  to  discharge  sewage  into  streams. 
Sewers  for  contiguous  or  neighboring  munici- 
palities can  be  provided  either  by  agreements 
between  them  or  by  creation  of  sewer  districts 


where  authorized  by  law.  In  the  latter  case, 
such  districts  are  frequently  given  taxing  and 
borrowing  capacities  over  and  above  that  of  the 
municipahties  in  the  area  served. 

Comprehensive  sewer  system  planning,  with 
special  reference  to  the  design  of  the  main  and 
intercepting  sewers,  pumping  stations,  and  sew- 
age treatment  works,  is  economical  of  public 
funds  because  it  makes  possible  utilization  of 
virtually  all  new  construction  as  a  part  of  a 
complete  ultimate  project. 

2.  Industrial  Waste:  The  treatment  of  spe- 
cific industrial  wastes  has  been  extensively 
mvestigated.  During  the  past  10  years,  ad- 
vance in  knowledge  of  treatment  along  broad 
fines  has  been  attained  through  group  effort 
of  certain  industries,  generally  in  cooperation 
with  State  Health  Departments;  for  instance, 
the  tannery,  byproduct  coke  oven,  oil  refinery, 
pulp  and  paper,  cannery  and  milk  and  milk 
products  industries.  Many  other  kinds  of 
industrial  wastes,  however,  have  not  been  ade- 
quately studied.  It  is  important  to  extend  our 
knowledge  in  this  field  by  further  research  under 
the  leadership  of  the  U.S.  Public  Health  Service. 

3.  Natural  Purification:  Nature  provides  for 
ultimate  self-purification  of  streams  through 
chemical  and  bacterial  action  and  through 
dilution.  So  far  as  practicable,  advantage 
should  be  taken  of  this  process  in  any  compre- 
hensive plan. 

4.  Conclusion:  The  problem,  therefore,  re- 
solves itself  into  one  of  degree  of  treatment  of 
sewage  and  industrial  waste  necessary  at  spe- 
cific places  to  produce  effluents  which  can  be 
inoffensively  assimilated  by  the  receiving  body 
of  water  without  harm  to  public  interests  at 
points  downstream. 

Interstate  Streams 

The  problem  of  water  supply  and  sanitary 
conservation  of  water  resources  on  the  Mis- 
sissippi River  Drainage  Area,  as  elsewhere,  is 
complicated  by  its  interstate  character.  In 
the  absence  of  formal  compacts  between  States, 
sources  of  public  water  supplies,  derived  from 
interstate  streams,  can  be  somewhat  protected 
against  harmful  pollution  arising  in  another 
State  by  agreements  between  Health  Depart- 
ments of  States  on  the  drainage  area.  For 
example.  Health  Departments  of  the  1 1  States 
in  the  basin  of  the  Ohio  River  are  parties  to  a 
10-year-old  agreement  providing  for  coopera- 
tion to  protect  pubhc  water  supplies. 

Diversion  problems  have  arisen  several 
times  and  reached  the  Supreme  Court  of  the 
United  States,  which,  in  the  Connecticut '  and 
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Delaware  ^  River  cases,  upheld  and  declared 
the  doctrine  of  equitable  allocation  that  each 
sovereign  State  is  entitled  to  take  and  use  its 
fair  share  of  interstate  waters,  provided,  that 
material  and  substantial  danaage  is  not  done 
to  another  sovereignty. 
Intrastate  Streams 

Control  of  water  supplies  and  sanitary  con- 
servation of  intrastate  water  resources  require 
consideration  of  several  important  subjects. 

There  is  a  conflict  between  the  necessity  of 
maintaining  a  stream  in  as  pure  condition  as 
possible  for  water  supplj'  use  and  the  need  to 
use  that  same  stream  for  disposing  of  sewage 
and  industrial  waste.  Adjustment  of  this 
conflict  requu-es  knowledge  of  the  basic  facts 
of  the  problem,  which  can  only  be  had  through 
more  extensive  inventory  of  water  resources  to 
show  present  use  and  condition  of  streams  and 
the  sources  of  then*  harmful  pollution.  Some 
data  are  available  as  a  result  of  field  surveys 
by  Federal  and  State  agencies  but,  as  yet, 
these  are  not  complete. 

The  most  thorough  investigation  so  far  of 
the  interrelations  between  public-water  supply, 
waste  disposal,  stream  pollution,  and  stream 
recovery  has  been  made  on  the  Ohio  River  by 
the  U.S.  Pubhc  Health  Ser\dce  and  published 
in  a  series  of  monographs.  The  deductions 
from  these  studies  are  generally  applicable  to 
other  problem  areas. 

It  is  in  the  public  interests  for  water  re- 
sources to  be  developed  for  the  highest  and  most 
useful  purposes.  To  do  so,  proper  State 
authorities  should  be  empowered  to  allocate 
waters.  Tliis  objective  can  be  attained  by  a 
statute  prohibiting  use  of  water  resources  for 
water  supply,  development  of  power,  industrial 
purposes,  etc.,  wdthout  first  obtaining  a  permit 
from  the  proper  State  authorities.  An  alloca- 
tion policy  would  provide  that  certain  areas  be 
designated  as  the  projDer  source  of  pubUc-water 
supphes.  Regulation  should  prevent  pollution 
of  streams  draining  such  areas.  Streams 
draining  intensively  developed  valleys  could 
be  allowed  a  lower  standard  of  sanitary  qual- 
ity, provided  that,  so  long  as  public-water  sup- 
plies are  derived  from  such  streams,  the  pollu- 
tion load  would  not  place  an  undue  burden  on 
waterworks. 

Impounding  of  surface  waters  in  reservoirs 
may  cause  a  substantial  diminution  in  the  rate 
of  flow  of  streams  below.  So  far  as  the  sanitary 
quahty  of  waters  draining  developed  areas  is 
concerned,  the  low  flows  of  summer  occur  at 


the  most  adverse  and  critical  times.  Hence, 
compacts  between  States  and  State  permits 
should  cover  the  releasing  of  reasonable  and 
practicable  rates  of  compensation  water  from 
reservoirs  during  periods  of  low  flow. 
Law 

In  an  urban,  industrial  era  and  from  an 
engineering  and  economic  view,  the  early  ripa- 
rian doctrine — that  each  riparian  proprietor 
was  entitled  to  receive  the  flow  of  a  stream 
undiminished  and  unimpaired  in  quality — as 
literally  interpreted  is  now  impracticable  and 
obsolete.  Public  water  supplies  must  be  with- 
drawn from  streams  and  served  to  all  consumers 
whether  they  be  riparian  lot  owners  or  are  far 
back  from  the  streams.  Storing  of  water  for 
power  development,  flood  control,  river  regu- 
lation, and  industrial  use  must  of  necessity  at 
times  diminish  stream  flow.  The  sewage  of 
towns,  trade  wastes  of  factories,  and  waste 
water  from  the  development  of  natural  resour- 
ces, even  though  treated  to  a  considerable 
degree,  do  to  some  extent  impair  the  quality  of 
streams. 

As  this  country  was  settled  and  semiarid 
areas  of  the  midwest  developed,  quantity  of 
water  was  of  prime  importance  and  its  use 
essential  for  development  of  the  land.  There 
the  riparian  doctrine  of  the  east  was  modified. 
Later  and  still  farther  west,  under  arid  condi- 
tions, the  doctrine  of  prior  appropriation  be- 
came the  law.  That  is,  the  first  user  of  the 
water  of  a  stream  for  beneficial  purposes  had 
prior  rights  over  his  neighbors  regardless  of 
their  position  along  the  stream,  nor  was  his  use 
Umited  to  domestic  purposes. 

The  doctrine  of  equitable  allocation  of  inter- 
state waters  to  meet  present  and  reasonable 
future  needs  in  accordance  with  a  hierarchy  of 
of  use  is  applicable  to  intrastate  waters. 
Allocation  of  waters  and  regulation  as  to  use  by 
proper  public  authorities,  if  administered  upon 
engineering  and  economic  principles  and  with 
the  objective  of  attaining  the  best  interests  of 
the  States,  would  be  superior  to  any  doctrine  of 
water  use  built  upon  legal  theories  and  past 
practice.  Tliis,  however,  might  require  changes 
in  Federal  laws  and,  in  some  cases,  of  State 
constitutions. 
Policy 

To  insure  adequate  and  healthful  water 
supplies  and  to  provide  improved  sanitation,  a 
poHcy  should  be  pursued  to  foster — 

1.  Enactment  of  statutes  (where  needed) 

to   vest   in    the   State   Health   Department 

adequate  jurisdiction  over  public  water  sup- 
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plies,    sewer    systems    and    treatment    and 
disposals  of  sewage  and  of  industrial  waste. 

2.  Creation  of  State  agencies  having  power 
to  make  inventories  of  water  resources  and 
to  allocate  and  control  intrastate  waters  for 
most  beneficial  purposes  in  the  public 
interest. 

3.  Enactment  of  enabling  statutes  (where 
needed)  for  the  creation  of  water-supply 
districts  and  sewer  districts,  the  formation 
of  such  districts  where  the  principle  is  appli- 
cable, the  preparation  by  municipalites  of 
comprehensive  sewer  system  plans  and  by 
water  surveyors  of  comprehensive  water- 
supply  plans. 

4.  Provision  for  the  gathering,  correlation 
and  distribution  by  Federal  and/or  State 
agencies  of  information  on  the  chemical 
characteristics  of  water  supplies  in  the 
Mississippi  Drainage  Area,  and  for  the 
systematic  collection  of  hydrological  data 
relating  to  water  resources. 


r,.  Autiiorization  of  the  U.S.  Public  IlcaUli 
Service  to  make  sanitary  surveys  of  inter- 
state streams  used  as  sources  of  public  water 
supplies  and  receiving  substantial  pollution, 
and  to  furnish  these  data  to  the  relevant  State 
Health  Departments  for  guidance  in  deter- 
mining policies  for  correction  of  pollution. 

6.  Authorization  of  the  U.S.  Public  Health 
Service  to  correlate  existing  data  as  to  known 
reasonable  and  practicable  processes  for 
treatment  to  progressive  degrees  of  industrial 
waste;  to  inaugurate  scientific  investigation 
to  evoke  improved  industrial  waste  processes 
where  such  do  not  now  exist,  and  also  to 
publish  and  distribute  results  to  the  public. 

7.  Compacts  by  States  in  the  drainage 
basin  of  major  river  systems  with  reference 
to  water-supplies,  sanitation,  and  general 
development  of  the  water  resources  for  most 
beneficial  use. 
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The  Situation 

The  present  rai)i(l  depiction  of  the  soils  of  the 
country  by  erosion  creates  a  prol)leni  profoundly 
affecting  the  interests  of  the  entire  nation. 
Recent  studies  indicate  that  the  fertile  top  soil 
is  progressively  being  worn  away  by  erosion  on 
nearly  three-quarters  of  the  tilled  land  of  the 
country,  that  about  25  percent  of  tilled  land 
in  the  Mississippi  Basin  alone  has  already  lost 
a  large  part  or  all  of  the  top  soil;  and  that  no 
less  than  5  percent  has  been  ruined  for  further 
crop  use  by  gullying.  Erosion  removes  large 
quantities  of  plant  food,  compacts  the  soil 
surface,  reduces  the  power  of  the  soil  to  absorb 
water,  and  lessens  its  crop  productivity.  Erosion 
increases  surface  run-off,  has  a  disturbing  effect 
on  stream  flow,  and  loads  streams  with  sUt. 
Direct  losses  from  soil  erosion  are  estimated  to 
be  not  less  than  400  milhon  dollars  annually; 
the  indirect  social-economic  losses  cannot  be 
measured  in  money  values.  A  fact  of  special 
significance  is  that  impairment  of  our  soils, 
such  as  is  now  taking  place,  is  permanent  in 
character.  The  richness  inherent  in  the  top 
layers  of  virgin  soils,  when  once  removed  by 
erosion,  cannot  fully  be  restored  by  artificial 
means.  Erosion  is  progressivelj^  undermining 
the  foundations  of  a  permanent  agriculture  in 
a  great  many  sections.  In  some  of  the  older 
countries  soil  erosion  following  land  abuse  has 
started  a  chain  of  economic  consequences  that 
has  had  a  profound  effect  on  the  very  character 
of  civilization. 

No  nation  can  afford  to  permit  such  progres- 
sive decline  in  the  productive  value  of  its  soil 
resources  as  is  now  taking  place  in  this  country. 
The  situation  calls  for  a  program  of  immediate 
public  action  on  a  far  larger  scale  and  much 


more  ellVitive  tjiaii  is  represented  by  the  efforts 
heretofore  undertaken  by  Government  agencies. 

The  problem  of  checking  erosion  is  chiefly 
one  of  control  of  the  surface  run-off  of  water  on 
sloping  ground.  In  undisturbed  natural  con- 
ditions, the  erosive  forces  act  very  slowly  on 
account  of  the  forest  cover,  grass,  and  other 
vegetation.  When  this  protective  cover  is 
disturbed  by  forest  destruction,  tillage,  or 
overgrazing  of  livestock,  erosion  is  accelerated, 
and  special  measures  are  necessary  to  minimize 
the  wearing  and  cutting  action  of  the  water. 
The  construction  of  terraces  on  slopes  lessens 
the  velocity  of  the  water  flowing  over  the  sur- 
face, increases  the  amount  absorbed  by  the 
soil,  and  provides  for  the  diversion  of  surplus 
water.  Other  methods  of  control  seek  to  retard 
the  rate  of  surface  run-off  of  water  and  to 
increase  its  absorption  by  soil  through  skillful 
tillage  and  use  of  appropriate  crop  covers. 
Sheet  and  Gully  Erosion 

The  most  urgent  problem  of  erosion,  from  the 
public  standpoint,  is  to  check  the  progressive 
depletion  of  the  productive  soils  from  surface 
wash.  This  is  a  problem  of  preventive  work 
to  keep  the  soils  from  losing  the  rich  layer  of 
topsoil  and  also  prevent  the  start  of  gi  I'y 
erosion  which  destroys  the  soil  for  crop  use. 
Although  sheet  erosion  is  less  spectacular  than 
gully  erosion  and  it  is  often  not  noticed  at  all 
by  the  casual  observer,  it  is  far  more  widespread 
and  its  injurious  consequences  in  the  aggregate 
much  greater. 

The  problem  of  control  of  guU^'  erosion  is 
primarily  to  prevent  further  encroachment  of 
gullies  on  valuable  land  and  to  reduce  the  dis- 
turbing effect  on  stream  flow  and  the  volume 
of  silt  discharged  into  streams.  Ordinarily 
gully  control  will  not  restore  land  for  agricul- 
tural use.  Heavily  gullied  land  can,  however, 
be  used  for  tree  growth,  when  erosion  has 
been  checked. 


FLOOD      AND     EROSION      DAMAGE     IN     THE 
MISSISSIPPI     BASIN     WEST  OF    THE    RIVER 
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The  Problem  of  Ownership 

The  character  of  ownership  of  land  subject 
to  erosion  requires  first  consideration  in  for- 
mulating a  public  policy  of  erosion  control. 
The  most  serious  problem  is  in  connection  with 
the  control  of  erosion  on  tilled  land  and  on 
range  and  pasture. 

The  tilled  land  is  owned  by  several  million 
farmers,  much  of  it  in  small  tracts.  The  direct 
and  indirect  injury  from  erosion  is  in  the  aggre- 
gate greatest  on  the  fields  of  farmers.  Most 
of  the  farmers  have  used  traditional  methods  of 
cvdtivation,  without  appreciating  that  their 
land  has  been  rapidly  deteriorating  through 
sheet  erosion.  Many  of  them  attribute  the 
lowering  of  productiveness  of  their  fields  to  the 
loss  of  plant  food,  whereas  the  real  cause  is 
soU  erosion. 

In  many  cases  the  individual  farmer  is 
ignorant  of  the  practical  techniques  of  control, 
or  he  does  not  possess  the  means  or  equipment 
to  undertake  eiJective  control  measures.  In 
some  cases  lack  of  intelligent  efficiency  ex- 
plains the  faUure  to  adopt  modern  methods  of 
soil  protection.  The  problem  of  the  public  is 
to  find  a  way  to  bring  about  the  adoption  of 
effective  methods  of  erosion  control  on  a  great 
number  of  individual  farms.  This  applies 
both  to  the  tUled  lands  and  to  the  pastures  and 
pastured  woodlands  owned  by  farmers,  which 
in  a  great  many  cases  are  suffering  from  erosion 
because  of  over-grazing  of  livestock. 

A  considerable  portion  of  the  stock  ranges 
in  the  West  is  owned  by  the  Federal  Govern- 
ment and,  in  less  quantity,  by  the  states.  The 
remainder  is  o-wned  by  stockmen  and  by  mis- 
cellaneous land  holders,  such  as  railroad  com- 
panies, lumbermen,  and  others  who  are  not 
in  the  livestock  business.  Control  of  erosion 
on  the  range  is  a  problem  of  regulated  grazing 
of  livestock.  The  extension  of  the  system  of 
range  management  now  in  effect  on  the  Na- 
tional Forests  to  the  public  domain  would 
largely  solve  the  problem  of  erosion  on  the 
federally  owned  lands.  It  is  important  also  to 
bring  about  on  privately  owned  range  land 
similar  preventive  measures  to  check  deteriora- 
tion of  the  land  by  erosion. 
Public  Activitias  Control 

The  public  activities  so  far  undertaken  in 
erosion  control  have  been  directed  to  research, 
experiment,  demonstration,  and  public  educa- 
tion, and,  on  the  public  forest  reservations,  to 
systematic  range  and  forest  management. 
Research  and  experiment  are  conducted  by  the 
U.S.  Department  of  Agriculture,  in  coopera- 
tion with  state  agricultural  experiment  stations, 


on  ten  erosion  stations  located  in  regions 
specially  subject  to  erosion.  Since  1929 
studies  of  the  extent  of  erosion  throughout 
the  country  have  been  under  way  and  have 
revealed  a  situation  far  more  serious  than  had 
been  appreciated. 

The  Forest  Service  carries  on  extensive 
research  through  its  field  experiment  stations 
in  regard  to  the  part  played  bj^  forests  in 
erosion  control  and  the  eiTect  of  forest  fares 
and  deforestation.  The  Federal  and  state 
extension  services  have  cooperated  in  edu- 
cating farmers  regarding  dangers  of  erosion 
and  regarding  practical  methods  of  control. 
In  1933  the  iSoil  Erosion  Service  was  estab- 
lished in  the  U.S.  Department  of  the  Interior 
for  the  purpose  of  carrying  on  a  series  of 
demonstrations  of  erosion  control  on  a  large 
scale.  Units  of  not  less  than  100,000  acres 
have  been  laid  out  and  a  plan  developed  for 
the  introduction  of  appropriate  control  meas- 
sures,  in  cooperation  with  the  owners,  on  all 
lands  within  the  units  subject  to  erosion. 
Twenty-four  such  units  have  so  far  been 
organized. 

The  work  of  these  public  agencies  has  been 
excellent  and  already  a  great  deal  has  been 
accomphshed  in  practical  results.  It  was 
largely  through  the  work  of  public  agencies 
that,  between  1915  and  1932,  eighteen  milhon 
acres  of  farm  land  were  brought  under  a  system 
of  terracing.  In  addition,  a  very  large  number 
of  farmers  were  induced  to  use  other  measures 
of  soil  protection,  directed  to  improved  tillage, 
rotation  of  crops,  strip-cropping  and  the  like, 
and  to  the  use  of  sod-forming  crops  or  tree 
growth  on  steep  land. 

The  Government  has,  during  the  last  year 
or  more,  undertaken  extensive  work  in  check- 
ing guWj  erosion  by  buUding  check  dams, 
rectifying  gully  slopes,  and  planting  trees  and 
other  vegetation.  In  this  connection  it  is 
strongly  emphasized  that  sound  engineering 
principles  are  necessary  in  building  check 
dams.  In  numerous  cases  there  has  been 
faulty  construction  and  the  dams  will  not 
withstand  concentrated  run-off  following  heavy 
storms. 

All  of  these  efforts  taken  together,  however, 
are  proving  inadequate  to  meet  the  present 
situation.  The  present  progress  of  introduc- 
tion of  control  measures  is  too  slow  to  save  a 
large  part  of  the  tilled  land  from  serious  and 
permanent  depletion.  A  good  foundation  has 
been  laid  for  control  of  erosion.  It  remains  now 
to  build  on  this  foundation  by  the  develop- 
ment of  erosion  control  on  a  national  scale. 
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initiated  at  once  and  carried  forward  as  rapidly 

as  possible. 

Basic  Principles  of  Policy 

Need  of  Public  Participation:  The  most 
urgent  problem  of  soil  erosion  is  on  private 
land.  It  has  heretofore  been  assumed  that, 
with  a  reasonable  amount  of  public  education 
and  cooperation,  self-interest  would  induce 
land  owners  to  adopt  measures  to  prevent 
injury  to  their  property.  This  assumption 
fails  to  recognize  that  we  are  dealing  with  a 
natural  destructive  force  that  operates  unceas- 
ingly and  is  impairing  the  land  at  a  rapid  rate. 
The  situation  requires  action  that  will  not  be 
taken  if  the  problem  is  left  to  private  initiative. 
The  problem  is  analogous  to  that  of  the  control 
of  forest  fires,  which  is  now  in  the  process  of 
solution  tlirough  systematic  pubUc  cooperation 
and  direction. 

Objectives  of  a  Policy:  The  purpose  of  a 
national  policy  of  erosion  control  is  to  unite  in  a 
common  program  the  efforts  of  all  public 
agencies  and  of  private  landowTiers  and  opera- 
tors in  checking  the  process  of  soil  erosion. 
This  does  not  miply  that  the  public  should 
undertake  all  work  and  cost  of  control  measures. 
The  actual  work  should  be  carried  out  on  the 
ground  by  owners  or  tlieu-  agents,  v\dth  only 
such  cooperation  from  the  public  as  may  be 
necessary  to  apply  effective  preventive  meas- 
urcis  against  erosion.  In  a  program  of  this 
character,  the  Federal  Government,  states, 
counties,  and  private  cooperative  organizations 
have  a  part  to  play. 

Federal  Responsibilities:  Great  national  in- 
terests are  at  stake  in  the  conservation  of  the 
country's  soil  resources.  There  rests  on  the 
Federal  Government  the  responsibihty  to 
take  such  action  as  may  be  necessary  to 
bring  about  practical  measures  of  land  use 
that  will  effectively  check  the  present  rapid 
progress  of  soil  deterioration.  It  is  the  duty 
of  the  Federal  Government  to  formulate  a 
poHcy  and  to  take  the  active  leadership  in 
carrying  out  a  Nation-wide  cooperative  pro- 
gram of  erosion  control.  It  will  involve  direc- 
tive planning,  liberal  financial  support,  and 
such  general  administrative  direction  as  may 
be  required  to  bring  into  effective  coordination 
the  efforts  of  other  public  agencies  and  of  pri- 
vate organizations  and  individuals. 

State  Responsibilities:  The  states  have  juris- 
diction over  the  land  and  the  power,  if  they 
choose  to  exercise  it,  to  prevent  land  abuse. 
Heretofore,  their  efforts  in  erosion  control  have 
been  confined  largely  to  research  and  extension 
teaching,    in    cooperation    wdth    the    Federal 


Government.  In  a  national  undertaking  in 
erosion  control,  the  states  have  an  important 
function.  Normally,  the  state  would  be  the 
agency  to  organize  and  assume  general  admin- 
istrative responsibility  for  cooperative  work 
with  landowners,  receiving  and  disbursing 
federal  funds,  appropriating  their  proper  share 
of  the  cost  of  the  enterprise,  and  exercising 
their  constitutional  powers  of  control  over 
private  land,  if  needed  to  carry  out  an  effective 
program  of  soil  conservation.  There  are, 
however,  difficulties  in  securing  prompt  action 
by  the  states  in  a  national  program  of  erosion 
control,  such  as  is  needed  at  the  present  time. 
There  should  be  provision,  therefore,  in  federal 
legislation  for  direct  cooperation  by  the  Gov- 
ernment with  counties,  organized  regional 
districts,  and  private  owners,  where  the  state 
governments  fail  to  take  action. 

Responsibility  oj  Private  Owners:  Private 
ownership  of  land  carries  the  obhgation  to 
refrain  from  practices  which  will  injure  other 
persons  or  the  general  public.  In  the  long  run 
the  burden  of  loss  through  soil  erosion  falls 
heavily  on  the  community  and  on  the  people. 
There  are  many  reasons,  liistoric,  economic, 
and  personal,  why  destructive  methods  of 
soil  exploitation  have  persisted.  It  is  too 
much  to  expect  most  farmers  to  modify  their 
methods  of  tillage  and  cropping  without  public 
cooperation.  They  should,  however,  be  re- 
quired to  redeem  then-  responsibilities  of  land 
ownership  and  to  use  preventive  measures  of 
erosion  control,  provided  there  is  liberal  help 
from  the  public. 

Public  Regulation:  It  should  be  the  aim  of  a 
national  policy  of  erosion  control  to  avoid  the 
necessity  of  imposing  restrictive  regulations 
under  the  authority  of  law  on  the  manner  of 
the  use  of  land,  provided  that  the  public 
interests  can  be  protected  through  other  means. 
Cooperative  aid,  granted  under  the  condition 
of  adopting  constructive  measures  of  soil  pro- 
tection, would  be  far  more  effective  in  practice 
than  direct  public  regulation.  If,  however,  the 
cooperative  principle  should  fail,  the  public  in 
its  own  protection  woidd  have  to  resort  to 
mandatory  regulation. 
A  National  Program 

A  program  of  Nation-wide  control  of  erosion, 
wliich  would  bring  into  coordination  the  efforts 
of  various  public  and  private  agencies,  would 
include  the  following  features: 

1.  Federal  legislation  authorizing  the  Gov- 
ernment agencies  to  cooperate  wath  owners 
of  land  in  the  establishment  of  such  measures 
as  may  be  appropriate  in  the  control  of  soil 
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erosion;  this  cooperation  to  be  carried  out 
through  the  established  agencies  in  states,  and 
counties,  or  responsible  land  districts,  or 
directly  ^\•ith  owners.  In  preventive  work  to 
check  sheet  erosion,  the  field  operations  would 
be  carried  out  by  the  owners  or  their  agents, 
the  public  action  being  confined  chiefly  to 
aid  in  the  organization  of  the  work,  and  to 
providing  special  equipment  and  materials 
that  may  be  beyond  the  means  of  the  farmers. 
In  case  of  serious  gully  erosion,  a  larger  part 
of  the  labor  maj^  have  to  be  assumed  by 
public  agencies.  There  should  be  a  contri- 
bution from  the  states  or  other  local  sources 
of  at  least  50  percent  of  the  cost  of  the 
cooperative  work  on  the  land,  provided  that 
a  larger  proportion  may  be  expended  where 
exceptionally  serious  conditions  exist  and 
the  local  interests  are  financially  unable  to 
contribute  this  proportion.  The  cost  to  the 
Government  in  carrying  on  the  proposed 
program  on  an  adequate  scale  may  be  as  much 
as  twenty  million  dollars  annually  during  the 
next  20  years. 

2.  Strong  emphasis  on  control  of  erosion 
in  the  general  program  of  land  acquisition 
for  National  and  other  public  forests,  and  in 
connection  with  the  withdrawal  of  marginal 
lands  from  agriculture. 

3.  Liberal  appropriations  by  the  Federal 
Government  to  continue  and  extend  research, 


experiments,  and  demonstrations  in  erosion 
control,  to  make  adequate  surveys  of  the 
character  and  extent  of  erosion,  and  to  co- 
operate with  the  states  in  classifying  land  as 
a  basis  for  application  of  the  cooperative  pro- 
gram of  erosion  control. 

4.  State  legislation  atithorizing  coopera- 
tion with  the  Federal  Government  in  a  na- 
tional program  of  erosion  control,  including 
appropriations  to  meet  the  conditions  of  fed- 
eral cooperation  and  provide  for  the  estab- 
lishment of  a  responsible  state  agency  to 
carry  out  the  work. 

5.  State  legislation  authorizing  the  organi- 
zation of  conservancy  districts  for  erosion 
control,  with  authority  analagous  to  that  of 
existing  drainage,  levee,  or  water  districts. 

6.  Federal  legislation  enlarging  and  mak- 
ing more  effective  the  control  of  erosion  on 
lands  owned  by  the  government. 

Coordination 

The  control  of  erosion  is  an  essential  feature 
in  national  planning  for  water  use  and  control, 
agriculture,  forestry,  and  grazing.  A  national 
policy  of  erosion  control  should  be  closely  coor- 
dinated with  the  policies  in  these  other  fields 
of  endeavor,  and  this  coordination  should 
extend  to  planning  and  execution  of  specific 
projects. 
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WATER    AND     FARM     PRACTICE 


Two  factors  of  major  importance  in  success- 
ful agriculture  are  preservation  of  the  fertile 
top  soil  and  availability  of  the  requisite 
amount  of  water  at  the  roots  of  growing  crops. 
Both  of  these  factors  are  profoundly  affected 
by  run-off  and  erosion,  considered  in  the  pre- 
ceding section,  and  to  a  considerable  extent  by 
irrigation,  to  be  considered  later. 

Both  conservation  of  top  soil  and  adequacy 
of  ground  moisture  have  been  progressive!}' 
affected  unfavorably  by  the  nature  of  the  farm 
practice  wliich  has  developed  in  the  United 
States.  Circumstances  have  favored  a  prac- 
tice which  involves  relative  increase  of  tilled 
crops  and  decrease  of  grass,  hay,  and  similar 
crops.  Tilling  of  the  soil  opens  the  way  for 
escape  of  the  precipitation  as  surface  run-off" 
and  for  water  and  wind  erosion. 

The  early  settlers  on  the  eastern  seaboard 
brought  with  them  from  England  an  agricul- 
tural practice  which  involved  a  rational  pro- 
portioning of  the  lands  of  each  farm  between 
tilled  and  forage  crops,  and  those  who  estab- 
lished the  northern  and  central  colonies  found 
climatic  and  especially  topographic  conditions 
which  made  the  standard  English  practice 
most  suitable.  Even  today  a  New  England 
tilled  field  is  generally  an  island  in  a  sea  of 
grass  and  wooded  lands.  The  use  of  animals 
for  power  as  well  as  for  food,  and  of  wood  for 
fuel  as  well  as  construction,  made  these 
pastures  and  wood  lots  important.  Descend- 
ants of  these  early  colonists  as  they  moved 
westward  to  the  Mississippi  carried  with  them 
the  practice  of  their  fathers. 

The  settlers  of  the  southern  colonies  found 
different  climatic  and  somewhat  different 
topographic  conditions,  and  these  conditions 
induced  a  different  kind  of  agriculture  and 
farm  practice.  Cotton  and  tobacco  proved 
to  be  for  them  highly  profitable  cash  crops 
which  could  be  exchanged  for  manufactured 
commodities  from  the  mother  country.  There- 
fore the  individual  plantation  was  not  com- 
pelled to  maintain  the  same  degree  of  self- 
sufficiency  as  the  northern  farm.  A  trend 
toward  exhausting  cultivation  of  the  better 
soils  set  in.  When  any  particular  land  became 
too  exhausted,  cotton  and  tobacco  cultivation 
moved  to  new  areas.  The  assumed  abun- 
dance of  natural  pastures  and  of  wooded  lands, 
and  the  apparent  inexhaustible  extent  of  terri- 
tory awaiting  settlement,  delayed  serious  con- 


sideration of  the  ultimate  consequences  im- 
pHcit  in  the  trend  toward  a  new  agricultural 
practice  of  more  extensive  and  more  intensive 
clearing  and  tilling  of  the  land. 

The  agricultural  practice  which  caused 
serious  erosion  and  loss  of  ground-surface 
moisture  did  not  develop  until  the  Mississippi 
Valley  had  been  settled  and  brought  into  a 
world  market  by  modernized  transportation 
systems.  Here  climatic,  soil,  and  especially 
topographic  conditions — vast  areas  of  flat, 
unwooded  prairies  and  plains — favored  grain 
crops  which  could  be  produced  by  a  progres- 
sively mechanized  agricultural  technique.  This 
led  to  relative  increase  of  tilled  and  decrease 
of  grass  and  hay  acreage.  The  trend  was 
intensified  as  automobiles  and  tractors  were 
substituted  for  animals  as  a  means  of  trans- 
portation and  source  of  power.  Pressure  of 
population  caused  the  more  hilly  lands,  wdth 
greater  susceptibility  to  run-off  and  erosion, 
to  be  included  within  the  tilled  acreage.  The 
rectangular  lay-out  of  counties,  towns,  and  sec- 
tions in  the  Mississippi  Valley,  and  a  corre- 
sponding location  of  highways,  farm  boundaries 
and  even  field  fencing,  induced  a  habit  of  plow- 
ing which  has  no  regard  for  contours  and  actu- 
ally increases  the  volume  and  effects  of  run-off" 
and  erosion.  Finally,  the  eagerness  to  pro- 
duce grain  crops  led  to  tiling  of  moderately 
wet,  and  to  drainage  of  excessively  wet  lands, 
to  a  rushing  of  precipitation  as  quickly  as 
possible  to  the  rivers  and  the  sea,  and  thus 
increased  the  area  susceptible  to  water  and 
wind  erosion. 

So  serious  today  is  the  loss  of  topsoils  and 
of  ground-surface  moisture  that  continuance 
of  the  present  rate  for  another  century  would 
jeopardize  the  very  existence  of  a  self-sustaining 
agriculture  in  the  United  States. 

This  is  the  point  where  water  problems  and 
land-use  problems  overlap  in  a  particularly 
vital  manner.  The  Mississippi  Valley  Com- 
mittee recommends  to  those  institutions  and 
to  those  agencies  of  the  Federal  and  State 
governments  primarily  concerned  with  land 
use  and  agricultural  practice,  serious  consider- 
ation of  this  vital  problem.  It  is  suggested 
that  everj'  unit  of  land  in  the  United  States 
should  be  inventoried  as  to  its  physical  char- 
acteristics and  best  uses;  and  that  there  should 
be  carried  forward  an  educational  campaign 
of  allocation  to  use  and  of  farm  practice  which 
wall  preserve  for  the  generations  to  come  this 
rich  heritage  of  soils  with  which  Nature  has 
endowed  the  United  States.  71 
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I.   In  Arid  and  Setniarid  Regions 

Necessity  for  Irrigation:  In  general,  where 
the  annual  rainfall  is  less  than  15  inches,  profit- 
able crops  cannot  be  grown  without  irrigation. 
In  the  semiarid  region,  an  irregular  area  com- 
prising parts  of  Montana,  North  and  South 
Dakota,  Nebraska,  W^'oniing,  Colorado,  Kan- 
sas, Oklahoma,  and  Texas  good  crops  are  grown 
some  years  without  irrigation,  but,  because  of 
frequent  disastrous  droughts,  crop  failures  are 
common  unless  water  is  available  for  irrigation. 
In  the  arid  region  farther  west  no  important 
raising  of  crops  is  possible  without  it. 

Water  for  irrigation  is  expensive,  so  it  is 
desirable  not  to  waste  the  water  supply,  that 
is,  not  to  apply  it  oftener  or  in  greater  quantity 
than  is  needed.  The  apphcation  of  irrigation 
water  to  crops  is  a  laborious  process,  and  there- 
fore also  expensive.  It  is  impossible  to  tell 
exactly  when  a  crop  is  about  to  suffer  from  lack 
of  sufficient  moisture,  or  what  quantity  it  will 
be  most  economical  to  applj^;  but  many  careful 
observations  and  experiments  combined  with 
long  experience  have  built  up  such  a  body  of 
knowledge  concerning  the  science  and  art  of 
irrigation  that  it  is  probably  as  accurately 
known  and  as  efficiently  practiced  as  any  other 
aspect  of  agriculture. 

Extent  oj  Irrigation:  In  this  country  irriga- 
tion is  chiefly  practiced  in  the  West.  Although 
it  has  been  practiced  for  thousands  of  years  in 
the  warmer  parts  of  Europe,  Asia,  and  Africa, 
it  is  only  during  the  last  hundred  years  that  it 
has  become  hnportant  here.  At  first,  irrigating 
water  was  obtained  by  individuals,  or  small 
groups,  who  were  able  to  find  locations  where 
they  could  convey  it  from  streams  to  the  ad- 
jacent fields  through  small  and  relatively  inex- 
pensive ditches.  As  all  the  easily  obtained 
supplies  became  exhausted,  in  order  to  add  to 
the  irrigated  area  it  became  necessary  to  build 
bigger  and  more  expensive  canals,  often  many 
miles  in  length.  Tliis  required  some  sort  of 
corporate  organization  to  provide  the  necessary 
financing  and  construction. 

The  passage  of  the  Reclamation  Act  in  1902, 
which  provides  for  the  building  of  large  reser- 
voir and  canal  systems  by  the  Federal  Govern- 
ment and  for  the  sale  of  water  rights  to  settlers 
on  easy  terms,  gave  a  tremendous  impetus  to 
irrigation  development  in  the  western  states, 
including  the  further  extension  of  private  enter- 
prises.    In  all,   the  Reclamation  Bureau  has 


built  52  storage  dams.  Every  one  of  these  is  to 
improve  the  irrigation  water  supply  of  existing 
communities,  and  the  Bureau  of  Reclamation 's 
efforts  are  today  directed  mainly  to  the  rescue 
of  harassed  and  impoverished  communities, 
that  lack  money  and  credit  to  help  themselves. 

In  the  17  western  states,  the  last  census 
showed  that  out  of  168  million  acres  of  crops 
grown,  14  millions  were  irrigated.  Of  over  3 
billion  dollars  value  for  all  crops  in  those  states, 
nearly  one  biUion  was  the  value  of  the  irrigated 
crop. 

Sources  of  Water  Supply:  The  ultimate 
source  of  all  water  for  irrigation  is,  of  course, 
precipitation.  The  water  is  taken  by  the 
irrigators,  individually  or  by  community  co- 
operation, usually  from  surface  streams  and 
lakes,  but  sometimes  from  underground  sup- 
plies. More  than  two-tliirds  of  the  area  irri- 
gated, according  to  the  1930  census,  was  sup- 
phed  by  gravity  flow  from  streams,  somewhere 
near  one-tenth  bj'  pumping  from  streams  and 
lakes,  and  more  than  one-tenth  by  pumping 
from  wells.  Pumping  from  streams  and  lakes 
is  the  common  means  of  getting  irrigation 
water  in  the  Gulf  States,  and  pumping  from 
wells  is  the  common  method  in  Arkansas  and 
Eastern  States.  The  chief  reason  for  the  prev- 
alence of  pumping  for  irrigation  in  the  humid 
region  is  that  such  plants  are  nearly  always  for 
individual  farms,  and  it  is  rarely  feasible  to 
provide  a  gravity  supply  of  water  on  the  land 
to  be  irrigated.  In  parts  of  Florida,  flowing 
wells  are  common. 

In  pumping  from  wells,  if  the  annual  with- 
drawal of  water  exceeds  the  annual  replenish- 
ment of  the  ground-water  supply,  there  is  a 
progressive  depletion  of  that  supply,  which 
proceeds  to  the  point  of  exhaustion,  or  develops 
pumping  hfts  so  great  as  to  increase  the  cost  of 
water  beyond  economic  limits.  In  some  situa- 
tions it  is  practicable  to  replenish  the  ground- 
water supply  by  artificial  means,  such  as  the 
water  spreading  which  has  attained  material 
vogue  in  the  West. 

Water  Requirements:  The  amount  of  water  re- 
quired for  irrigation  depends  on  the  crop,  the 
soil,  the  rainfall,  and^other  climatic  conditions. 
For  example,  forage  crops  generally  require  more 
water  than  vegetables  or  small  grain;  whereas 
corn,  sorghum,  and  beans  need  less  than  vege- 
tables or  small  grain.  Sandy  soils  generally 
require  more  water  than  clay  soils,  because 
more  is  lost  to  the  lower  soil  out  of  reach  of  the 
plant  roots.  Irrigation  is  necessary  only  to 
supply  to  the  crops  the  amount  that  rainfall 
does  not  provide  when  needed. 
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Irrigation  The  average  seasonal  irrigation  requirements 

for  different  parts  of  the  West  have  been  shown 
bj'  extended  studies  to  range  from  0.85  to  3.1 
acre-feet  per  acre — that  is,  the  equivalent  of 
from  0.85  to  3.1  feet  depth  upon  the  land  irri- 
gated. East  of  the  Rocky  Mountains  the 
seasonal  requirement  ranges  from  1.2  to  2.3 
acre-feet  per  acre  under  the  usiuil  cropping 
practices.  These  arc  the  amounts  required  in 
addition  to  the  normal  rainfall  in  the  different 
localities. 

Irrigation  Laws:  In  manj-  parts  of  the  arid 
region,  and  in  some  parts  of  the  semiarid 
regions,  the  water  available  is  insufficient  to 
irrigate  the  lands,  in  consequence  of  which 
conflicting  claims  to  water  rights  have  been  a 
source  of  much  litigation.  In  those  regions 
State  laws  recognize  the  doctrine  of  beneficial 
use,  which  proliibits  any  one  acquiring  a  right 
to  water  and  holding  it  without  actually  using 
the  water.  The  laws  also  recognize  the 
doctrine  of  priority,  which  means  briefly  that 
"the  first  in  time  is  the  first  in  right".  Some 
western  states  also  recognize  riparian  rights. 
A  riparian  right  is  that  right  to  use  water  from 
a  stream  which  flows  through  or  borders  the 
land  to  which  the  right  belongs  and  arises 
from  the  fact  that  the  land  borders  the  stream, 
not  from  appropriation  or  use.  In  the  humid 
region  the  riparian-rights  doctrine  is  virtually 
the  only  one  recognized  in  State  laws,  and 
probably  has  served  satisfactorily  up  to  the 
present,  because  in  that  region  conflicts  over 
the  use  of  water  for  irrigation  have  been  rare. 
There  have  been  indications  recentty,  however, 
that  scarcity  of  water  may  occur  even  in  humid 
regions  and  that  some  of  the  laws  relating  to 
appropriation  and  use  of  water  adopted  by 
western  states  are  applicable  to  conditions  in 
the  East. 

The  law  recognizes,  also,  that  certain  uses  of 
water  are  superior  in  right  to  other  uses. 
This  is  a  matter  for  consideration  in  connection 
with  the  coordination  of  the  varied  valuable 
uses  of  water,  and  is  an  important  item  in 
long-time  planning  for  the  use  of  river  flow. 

The  evolution  of  land  and  water  policies 
suited  to  the  economic  conditions  created  and 
modified  by  irrigation,  is  far  from  complete  or 
satisfactory.  Many  of  these  pohcies  which 
seem  to  be  axiomatic  are  but  past  traditions 
and  customs.  Because  the  greater  part  of  the 
land  in  the  arid  region  can  be  used  advanta- 
geously only  for  forestry  or  grazing,  and 
76       because    the    amount    of    water    available    is 


relatively  small,  irrigation  areas  must  always 
be  comparatively  small  and  widely  separated. 
The  total  probably  would  be  less  than  one 
percent  of  the  cropped  area  of  the  whole 
country.  The  influence  of  the  irrigated  areas 
is,  however,  felt  in  many  directions  other  than 
in  supplying  winter  feed  for  range  stock  on  the 
surrounding  territory  and  adding  value  to  the 
surrounding  grazing  land.  The  isolation  of 
irrigated  areas,  inherent  in  this  type  of  agri- 
culture, requires  peculiar  and  special  land  and 
water  policies,  and  to  a  degree  as  yet  onh' 
partly  appreciated. 

Irrigation  Organization:  About  one-third  of 
irrigated  land  is  provided  with  water  by  the 
individual  owners,  or  by  partnership  under- 
takings without  formal  organization,  but  the 
larger  irrigation  works  are  costly  and  require 
the  organized  cooperation  of  many  farm 
owners.  State  laws  in  the  West  provide  for 
several  types  of  organization,  the  forms  in 
most  extensive  use  being  (1)  irrigation  dis- 
tricts, which  are  public  corporations  and 
(2)  cooperative  or  mutual  enterprises,  com- 
monly of  stock-company  fonn  with  the  stock 
owned  by  the  water  users.  The  cooperative 
enterprises  embrace  about  one-third  of  the 
irrigated  acreage,  and  the  irrigation  districts 
about  half  as  much.  Six  percent  of  the  acreage 
is  supplied  by  water  bought  from  commercial 
enterprises,  incorporated  or  otherwise.  The 
U.S.  Bureau  of  Reclamation  projects  comprise 
nearly  10  percent  of  the  irrigated  lands. 

Irrigation  Finance:  The  investment  in  west- 
ern irrigation  works  and  water  rights,  as  shown 
by  the  census  for  1930,  averaged  $40  per  acre 
of  land  that  the  works  were  capable  of  irrigating, 
the  State  averages  ranging  from  $20  in  Kansas 
to  $89  in  Arizona .  For  Arkansas  and  Louisiana 
the  averages  were  $32  and  $20,  respectively. 
Cost  of  leveling  and  otherwise  preparing  the 
land  for  irrigation  has  averaged  $28  per  acre 
for  the  western  states,  rising  to  $57  per  acre  in 
Washington.  By  adding  the  average  figures, 
the  investment  in  irrigation  improvements  may 
be  estimated,  then,  as  about  $68  per  acre  on 
the  land  benefited.  Costs  of  maintenance  and 
operation  of  the  irrigation  works  averaged 
$2.77  per  acre  in  1929  for  all  enterprises,  but 
for  those  where  the  water  was  all  pumped  from 
wells  the  average  cost  was  $9.17. 

Most  of  the  capital  to  bufld  the  dams,  canals, 
and  other  irrigation  works  has  been  supplied 
from  private  sources,  although  more  than 
$200,000,000  had  been  spent  to  June  30, 1933,  by 


the  United  States  Bureau  of  Reclamation  on 
35  irrigation  projects.  The  money  for  con- 
struction of  non-Federal  projects  has  been 
raised  principally  as  follows:  For  irrigation 
districts,  from  the  sale  of  bonds  payable  from 
the  proceeds  of  taxes  or  assessments  which  are 
a  lien  on  the  land;  for  mutual  irrigation  com- 
panies, from  the  sale  of  capital  stock  to  pro- 
spective water  users  and/or  the  sale  of  bonds 
secured  by  the  irrigation  works  or  by  purchase 
contracts  for  land  and  water  rights;  for  small 
cooperative  enterprises,  by  contributions  of 
capital  and  labor  by  prospective  water  users; 
for  commercial  enterprises,  by  the  sale  of  capital 
stock  and/or  bonds  of  the  promotion  company. 

Irrigation  Problems:  Most  irrigation  projects 
have  been  successful  from  the  standpoint  of 
land  reclamation  or  improvement,  but  many  of 
them  had  occasioned  losses  to  investors  in  their 
securities  even  before  the  present  depression. 

Of  the  private  enterprises,  the  greater  num- 
ber have  been  in  difficulties  at  some  stage  of 
their  development ;  and  in  the  case  of  those 
financed  by  Federal  appropriations,  it  has  been 
necessary  several  times  to  postpone  repayment 
of  the  construction  charges  and  to  spread  the 
payment  over  a  greater  number  of  years  than 
was  originally  intended. 

Among  the  causes  for  the  default  of  so  many 
irrigation  enterprises  may  be  mentioned:  in- 
adec|uacy  of  the  water  supply;  inadequacy  of 
the  irrigation  system  to  serve  all  the  land 
charged  with  the  cost  of  construction;  inability 
of  the  farmers  to  meet  the  high  charges  out  of 
the  proceeds  from  their  crops;  exploitation  and 
speculation  in  providing  water  and  land;  in- 
clusion in  the  project  of  low-producing  land; 
water  logging  and  accumulation  of  alkali  in  the 
soil  caused  by  waste  water  from  irrigation; 
graft  and  bad  management.  In  spite  of  the 
financial  difficulties,  however,  comparatively 
\  I  little  land  once  reclaimed  and  irrigated  has  ever 
] ',  been  abandoned  and  allowed  to  return  to  a 
\    desert  condition. 

Governmental  Assistance:  In  addition  to  the 
promotion  of  irrigation  by  the  Federal  Govern- 
ment, the  States  of  Utah,  California,  Nebraska, 
Washington,  Oregon,  and  Wyoming  have  ex- 
tended aid  to  u-rigation  districts  from  time  to 
time. 

Oregon  guaranteed  the  first  five  years'  in- 
terest on  irrigation  district  bonds,  while  the 
other  states  authorized  the  investment  of  state 
funds  in  bonds  of  districts.  By  the  end  of  1928 
Oregon  had  advanced  money  for  the  payment 


of  interest  on  $9,384,000  of  bonds  of  15  m-iga-  Irri,jaiion 
tion  districts.  Three-fourths  of  the  bonds  on 
which  the  state  contracted  to  advance  interest 
were  in  default  in  1929.  In  1930  Oregon  re- 
pealed the  provision  in  its  constitution  which 
provided  for  guaranteeing  interest  on  irrigation 
district  bonds. 

The  other  four  states  invested  public  fmids 
amounting  to  more  than  !ii2,500,000  in  irriga- 
tion district  bonds.  Two  motives  governed 
the  purchase  of  irrigation  bonds:  investment 
and  development.  When  the  chief  motive  was 
investment,  the  bonds  were  selected  from  the 
standpoint  of  security;  if  development  as  well 
as  security  was  desired,  the  funds  were  placed 
where  it  was  beheved  they  would  do  the  most 
good  in  developing  the  agricultural  resources. 

The  effect  of  such  state  investments,  or  of  the 
authorization  for  making  them,  probablj'  was  to 
improve,  more  or  less,  the  market  standing  of 
the  bonds  of  irrigation  districts  in  these  states. 

Water  Power  and  Irrigation:  When  Federal 
reclamation  began,  the  opportunities  to  gen- 
erate hydroelectric  power  as  an  adjunct  to 
irrigation  were  not  appreciated  and  were 
ignored  in  reclamation  laws.  Now  it  is  realized 
that  power  generation  is  an  important  factor. 
The  revenue  from  several  of  the  power  plants 
already  built  by  the  Bureau  of  Reclamation  is 
greater  than  the  income  from  irrigation  pa}'- 
ments,  thus  making  possible  many  irrigation 
works,  which,  without  it,  would  not  yet  be 
feasible.  The  Government  could  not  have  built 
Boulder  Dam  had  it  not  been  that  contracts  for 
the  power  to  be  generated  there  insure  the 
payment  in  50  years  of  all  the  money  required 
for  construction,  with  4  percent  interest, 
proWde  subsidies  to  the  States  of  Nevada  and 
Arizona,  and  will  finally  leave  $66,000,000 
profit  to  be  used  in  other  developments.  The 
remarkable  increase  in  the  return  from  power 
plants,  and  the  industrial  and  social  advantages 
of  having  hydroelectric  power  on  irrigation 
projects,  make  water-power  an  exceedingly 
important  factor  for  future  activities. 

Profits  from  Irrigation:  Does  irrigation  pay? 
The  answer  to  that  question  should  determine 
whether  irrigation  is  to  be  promoted  or  main- 
tained. 

From  the  standpoint  of  the  farmer,  irrigation 
should  increase  his  net  return  or  be  abandoned. 

Returns  from  irrigation  farming  in  certain 
projects  in  the  Arkansas  and  Missouri  River 
drainage  area,  as  found  by  agents  of  the  Bureau 
of   Agricultural   Engineering   and   Bureau   of       77 
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Agricultural  Economics  in  1924-25,  arc  shown 
in  the  following  tabic: 

Rehiriisfrom  Irrigation  Farming 


Larimer  County,  Colo 

Platte  County,  Wyo 

Julesburg  irrigation  district.  Colo. 

Boulder  County,  Colo.. 

Weld  County.  Colo 

Dawson  County.  Nebr 

Logan  County,  Colo... 

Henrylyn  irrigation  district,  Colo. 


eluding 
per  acre 


Average  excess 
of  receipts  over 
expenditures 
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'  Only  about  half  the  land  is  under  irrigation. 

To  pay  interest  on  investment,  depreciation 
on  farm  property  and  equipment,  and  wages 
for  labor  performed  by  the  farmer  and  his 
family,  the  cash  income  of  the  average  farmers 
on  those  projects  ranged  dowTi  from  only  ,$12.10 
per  acre  to  S3. 60  per  acre.  On  two  of  these 
projects  the  return  was  less  than  6  percent 
interest  on  the  investment,  with  nothing  de- 
ducted for  depreciation  nor  for  wages  for  the 
family.  (The  data  relate  onlj-  to  owner- 
operated  farms.) 

Most  irrigation  projects  were  undertaken  in 
times  more  prosperous  than  the  present,  under 
conditions  of  maintained  expansion  and  high 
prices  that  obtained  for  years  and  that  were 
generally  expected  to  continue.  Now,  with 
low  prices  for  farm  products,  it  is  in  many 
instances  impossible  to  pay  off  the  debts 
assumed  in  an  era  of  high  prices,  and  a  great 
number  of  irrigation  enterprises  are  in  default. 

Present  Trends:  In  the  West  the  present 
trend  in  irrigation  is  to  improve  conditions  on 
existing  systems  rather  than  to  attempt  to 
reclaim  new  areas.  Virtually  the  only  new 
development  is  that  undertaken  by  the  United 
States  Bureau  of  Reclamation.  In  some  in- 
stances, systems  that  have  an  inadequate  water 
supply  are  endeavoring  to  obtain  additional 
water.  Sometimes  this  is  effected  by  com- 
bining with  other  enterprises  having  similar 
problems  for  the  construction  of  supplemental 
works.  For  instance,  the  storage  reservoir 
built  recently  by  the  Bureau  of  Reclamation  on 
Snake  River  at  American  Falls,  Idaho,  provides 
storage  water  for  several  large  irrigation  sys- 
tems in  that  State  which  frequently  had  expe- 
rienced water  shortage.  The  Bureau  of  Re- 
clamation is  also  building  a  storage  reservoir  on 
the  Owj^hee  River,  Oregon,  to  pro\ade  a  de- 


pendable water  supply  for  several  thousand 
acres  hitherto  dependent  for  irrigation  water  on 
the  erratic  flow  of  the  river,  and  for  several 
thousand  acres  more,  which  have  been  sup- 
plied with  water  pumped  from  Snake  River 
at  great  cost.  In  addition  this  reservoir  will 
supply  water  for  the  reclamation  of  new  land. 
Governmental  participation  in  the  cost  of 
irrigation  development  has  been  limited,  in  the 
United  States,  mainly  to  the  projects  of  the 
United  States  Bureau  of  Reclamation.  Those 
developments  were  undertaken  with  the  ex- 
pectation that  the  costs  of  the  works  con- 
structed would  be  repaid  by  the  lands  irri- 
gated. The  Governmental  contribution  of 
administration  costs  and  interest  on  construc- 
tion costs  could  be  justified  only  on  the  ground 
of  national  indirect  benefits  to  result  from 
productive,  populated  land. 

Future  Policies:  In  order  that  irrigation 
shall  be  profitable  to  the  farmer,  it  must  repay 
the  permanent  investment  involved,  the  ex- 
penditures for  upkeep  and  operation,  and 
wages  for  the  additional  labor  of  the  farmer 
and  his  family  in  getting  the  water  to  the  crops. 
That  this  has  not  been  possible  on  many  enter- 
prises is  attested  by  the  great  number  of  farm- 
ers who  have  abandoned  the  attempt,  each 
leaving  behind  a  considerable  investment  of 
labor  and  money  for  the  benefit  of  the  next 
comer,  who  would  have  his  own  resources  to 
add  to  the  value  the  prior  occupant  had  per- 
force abandoned.  Even  on  some  of  the  Federal 
projects,  it  has  been  necessary  to  cancel  parts 
of  payments  assessed  to  pay  the  costs,  the 
Government  assuming  those  losses.  In  future 
developments  there  should  not  be  ground  for 
saying  anything  similar  to  what  has  been  said 
in  some  irrigated  sections,  that  "It  takes  three 
crops  of  farmers  to  pay  for  an  irrigated  farm." 
Under  present  conditions  of  agricultural 
production,  markets,  and  prices,  there  seems 
no  need  for  the  nation  to  promote  irrigation  or 
other  kind  of  development  to  increase  the  land 
in  cultivation.  This  does  not  preclude  a 
study  of  what  and  when  development  should 
be  undertaken.  In  fact,  present  conditions 
rather  emphasize  the  wisdom  of  taking  stock 
of  our  national  resources,  and  planning  the 
ultimate  best  use  of  them.  Neither  is  the 
present  abundance  of  crop  land  a  vaUd  argu- 
ment against  protecting  investments  in  irriga- 
tion works  and  irrigation  farms  from  deteriora- 
tion and  loss. 

In  the  promotional  reports  upon  proposed 
large  irrigation  projects,  too  generally  the  costs 
have  been  underestimated  and  the  profits  from 


farming  overestimated.     In  future  studies  the 

construction  and  development  costs  should  be 

calculated    more    accurately,    the    possibilities 

of  the  lands  be  determined  more  carefully,  and 

the   returns    to   irrigators   be   estimated    more 

conservatively. 

II.  In  the  Humid  Region 

The  study  of  rivers  as  a  source  of  improved 
power,  navigation,  and  water  supply  has  so 
largely  monopolized  the  pxiblic  attention  that 
there  is  danger  of  overlooking  the  aggregate 
possihihties  of  a  large  number  of  individual 
farm  projects  for  supplemental  irrigation,  par- 
ticularly for  use  in  years  of  deficient  rainfall 
during  the  crop-growing  period.  Data  collect- 
ed by  the  U.S.  Department  of  Agriculture  ' 
show  that  during  the  past  few  years,  due  pri- 
marily to  drought  conditions,  there  has  been  a 
considerable  increase  in  irrigation  acti^^ties  in 
the  humid  section  of  the  United  States,  par- 
ticularly of  citrus  fruits  in  Florida  and  potatoes 
in  Michigan.  The  Michigan  State  College  has 
received  thousands  of  inquiries  from  farmers 
for  information  on  this  subject  within  the  past 
four  years. 

The  present  trend  in  hujuid  irrigation  is  to- 
ward installation  of  irrigation  as  insurance 
against  drought.  With  the  present  low  prices 
of  farm  products,  growers  seem  to  feel  that  it  is 
more  important  than  formerly  to  protect  their 
expenditure  in  plowing,  seeding,  cultivating, 
and  fertilizing  by  controlling  every  factor  that 
can  help  to  guarantee  a  return  for  the  money 
and  effort  e.xpended. 

In  almost  every  way  the  problem  of  irrigation 
in  the  humid  region  is  difi'erent  from  that  in  the 
arid.  The  prime  difficulty  is  a  lack  of  an  accu- 
rate advance  determination  of  the  profits  which 
may  reasonably  be  expected  to  follow  installa- 
tion of  irrigation  equipment.  In  this  region 
irrigation  is  not  absolutely  necessary.  The 
farmers  ordinarily  obtain  some  kind  of  a  crop 
every  season,  a  crop  which  may  not  pay  a 
profit,  but  which  generally  yields  some  income. 

Formerlj'  such  irrigation  was  limited  largely 
to  the  more  valuable  truck  crops  and  high 
grade  fruits,  because  it  was  not  commerciallj' 
applicable  to  large  areas  or  to  general  farming, 
but  within  the  last  three  or  four  years  some  of 
the  less  valuable  crops,  which  might  be  classed 
as  semitruck  crops,  such  as  potatoes,  ear  corn, 
and  melons,  have  been  irrigated. 

Irrigation  in  the  humid  section  is  usually 
confined  to  small  tracts  over  widely  scattered 
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areas.     The  individual  projects  range  in  size        iTrigaiion 
from  one  or  two  acres  up  to  250  acres  or  more, 
the  average  not  exceeding  eight  or  ten  acres. 

It  is  estimated  that  the  amounts  by  localities 
are  appro.ximately  as  follows: 

New  England  States  and  New  York.  .5,  000 

Florida 2,-],  000 

Other  Atlantic  seaboard  states 8,  000 

North  Central  states 6,  000 

Arkan.sas  and  Louisiana 550,  000 

Eastern  Texas 110,000 

Other  states 1,  000 

The  irrigation  of  rice  accounts  for  virtually 
all  of  the  above  acreage  estimated  for  Arkansas, 
Louisiana,  and  eastern  Texas.  The  irrigation 
of  cranberries  accounts  for  about  half  the 
acreage  estimated  for  the  New  England  States 
and  New  York,  and  about  one-fourth  of  that 
estimated  for  the  other  Atlantic  seaboard  states. 

These  data  show  also  that,  in  scattered  but 
still  numerous  instances  of  individual  farm 
irrigation  in  the  humid  states,  usually  to  the 
extent  of  a  few  acres  only,  water  is  applied  by 
western  methods,  including  flood,  furrow,  and 
border  irrigation.  All  western  methods  of 
applying  water  require  special  preparation  of 
the  ground  and  careful  attention  during  appli- 
cation. 

In  addition  to  the  western  open-ditch  method 
of  water  distribution,  water,  pumped  from  a 
lake  or  river,  may  be  distributed  by  hose  lines 
or  piping  with  flexible  joints.  The  porous 
hose  method  of  applying  water  for  irrigating 
potatoes  was  developed  in  Michigan  during  the 
drought  seasons  of  1929  and  1930,  and  greatly 
simplifies  the  operation.  This  method  does 
not  require  special  preparation  of  the  land, 
involves  httle  labor,  and  is  relatively  rapid. 
The  water  can  be  apphed  to  land  that  is  not 
level,  and,  as  now  practiced,  can  be  distributed 
to  a  distance  of  750  feet  from  the  source  of 
supply.  This  distance  can  be  increased  by 
using  feeder  lines  or  larger  hose.  A  pressure 
of  12  to  14  lbs.  per  square  inch  in  e.xcess  of 
static  and  friction  head  is  required,  so  that 
power  becomes  an  important  item. 

Poiver  Supply:  Farm  tractor  engines,  belted 
to  cheap  centrifugal  pumps,  are  often  used. 
Although  the  investment  cost  is  low,  the  cost 
of  power  is  relatively  high,  since  these  units 
do  not  have  a  high  efficiency.  Water  can  be 
applied  by  this  method  at  night,  during  off-peak 
hours,  which  would  have  the  additional  advan- 
tage of  reducing  the  loss  by  direct  evaporation. 
The  use  of  gasoline  engines  for  power  has  often 
been  necessary  because  of  lack  of  available 
electrical   energy.     With    future    extension    of        79 


Irrigation  rural  electric  lines  and  attractive  power  rates, 
especially  for  off-peak  power,  such  as  one  cent 
or  less  for  a  night  pumping  load,  the  power 
cost  would  be  niaterially  reduced. 

The  cost  of  potato  irrigation  in  Michigan 
by  this  method  as  now  practiced  ranges  from 
$1.75  to  $2.75  per  acre-inch,  including  labor, 
overhead  expense,  and  power. 

Profits  From  Irrigation:  Irrigation  installa- 
tions are  expensive.  Thej'  often  cost  as  much 
as  the  land  they  water  and  sometimes  much 
more,  but  instances  have  occurred  where  one 
year's  increase  in  crop  value  has  paid  the  entire 
capital  cost  of  the  outfit.  Data  collected  in 
Michigan  show  that  the  inci'ease  in  yield  of 
potatoes  due  to  irrigation  ranges  from  50  to  150 
bushels  per  acre.  An  apple  orchard  in  Ohio 
in  1932  yielded  290  bushels  per  acre  on  non- 
irrigated  land  and  360  bushels  on  irrigated 
land.  The  irrigated  orchard  returned  $90  per 
acre  above  the  cost  of  irrigation.  A  field  of 
irrigated  potatoes  in  New  Jersey  in  1933  yielded 
270  bushels  compared  with  146  bushels  on  an 
unirrigated  field.  In  1932  an  apple  orchard  in 
Georgia  yielded  $4  per  tree  more  than  unirri- 
gated apples.  An  80-acre  field  of  alfalfa  in 
Virginia,  for  which  irrigation  was  provided  at 
a  cost  of  $1,200,  is  reported  to  have  returned 
$2,400  from  one  cutting.  The  owner  of  a  60- 
acre  apple  orchard  in  Virginia  estimated  that 
the  increased  yield  in  one  year  was  worth  more 
than  the  cost  of  the  irrigation  system. 

Against  these  isolated  examples  showing 
what  has  happened  under  very  favorable  con- 
ditions may  be  set  numerous  cases  in  which 
the  increased  yield  obtained  by  irrigation  has 
not  been  sufficient  to  justify  the  investment. 
In  many  cases  an  owner  has  considered  the 
benefits  of  irrigation  not  sufficient  to  pay  the 
running  expenses  and  upkeep  and  has  aban- 
doned the  plant. 

Water  Supply:  The  water  supply  may  be 
derived  from:  (a)  natural  lakes,  ponds,  or 
perennial  streams,  in  which  case  no  artificial 
storage  is  required;  (b)  spring  run-off  from  the 
small  drainage  areas  of  intermittent  streams — 
in  this  case  the  entire  supply  to  be  used  must 
be  impounded;  (c)  wells,  where  storage  may 
also  be  required,  if  the  well's  rate  of  3'ield  is 
insufficient  to  provide  water  at  the  rate  required 
during  the  irrigation  period.  Of  these,  (a)  and 
(c)  are  the  most  promising  sources  of  supply. 
There  are,  however,  large  areas  in  the  humid 
and  semi-arid  portions  of  the  United  States 
where  there  are  few  lakes  and  only  a  limited 
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streams  are  not  sufficiently  numerous  to  pro- 
vide water  except  to  relatively  few  farms. 
There  e.xist,  however,  many  small  intermittent 
streams  wliich  go  dry  in  the  summer,  but  which 
yield  considerable  run-off  in  the  spring.  In 
many  areas  such  streams  are  the  most  available 
source  of  water  supply  for  supplemental  irri- 
gation on  individual  farms.  This  involves 
storage  of  the  necessary  supply,  and  means  the 
saving  of  water  that  is  otherwise  entirely 
wasted,  but  it  leads  to  certain  difficulties. 

The  pond  site  must  be  examined  to  be  sure 
that  its  bottom  is  reasonably  impervious, 
otherwise  it  will  be  necessary  to  puddle  or 
treat  the  bottom  to  avoid  excessive  seepage. 
Usually  enough  silting  will  occur  to  seal  the 
pond  after  a  few  years'  use.  An  excessive 
amount  of  silting  is,  of  course,  objectionable. 
Soil  erosion  control  can  be  practiced  on  the 
individual  property,  but,  unless  the  whole  drain- 
age area  is  controlled,  silting  may  soon  diminish 
the  storage  capacity  to  a  serious  extent. 

The  quantity  of  water  required  to  supplement 
sub-normal  rainfall  in  general  crop  production  is 
from  6  to  12  inches  in  humid  regions  and  12 
to  24  inches  in  less  humid  districts.  To  provide 
one  acre-foot  per  acre  or  12  inches  depth  of 
irrigation  water  for  a  farm  containing  100  acres 
of  growing  crops  requires  a  net  supply  of  4)2 
million  cubic  feet  of  water.  Tliis  would  require 
a  reservoir  of  10  acres  area  with  an  average 
depth  of  10  feet  and  a  maximum  depth  of,  say, 
15  feet.  To  these  depths  should  be  added  at 
least  2  to  3  feet  to  allow  for  evaporation  and 
seepage. 

The  dam  necessary  to  impound  this  volume 
of  water  would  entail  a  heavy  expenditure. 
Abutments  and  aprons  are  expensive  items  and 
usually  a  relatively  long  and  deep  overflow 
section  is  required  to  provide  for  storms  of  the 
cloudburst  type  wliich  are  likely  to  occur  in 
small  drainage  areas.  Unless  the  dam  is  safe 
under  such  conditions  there  is  danger  of  prop- 
erty damage  downstream  which  the  owner  of 
the  dam  cannot  afford  to  assume. 

In  spite  of  these  difficulties  there  are  many 
places  where  the  necessary  storage  can  be 
provided  at  reasonable  cost.  Many  pond 
sites,  in  Minnesota  for  example,  whose  outlets 
have  been  lowered  could  have  these  outlets 
restored.  Certain  swamp  lands  heretofore 
drained  might  best  be  converted  back  into 
ponds.  Detailed  studies  for  the  specific 
purpose  of  providing  farm  storage  often  reveal 
possibilities  that  ordinarily  would  not  be 
recognized. 
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The  Forest  Situation 

The  history  of  the  American  forests  has  been 
one  of  exploitation,  depletion,  and,  on  large 
areas,  actual  devastation.  Very  properly  the 
forest  was  cleared  for  agriculture,  home  and 
town  sites,  transportation,  and  industrial  pur- 
poses. The  forests  were  so  extensive  that  no 
heed  was  given  to  their  replacement  after  cut- 
ting. As  rapidly  as  one  region  was  exhausted, 
the  development  of  transportation  and  new 
devices  in  timber  exploitation  brought  to  the 
markets  material  froni  other  regions.  People 
looked  upon  the  forest  as  inexhaustible.  The 
old  timber,  it  was  thought,  would  last  for  many 
generations  and  nature  in  her  great  bounty 
would  quickly  reestablish  the  forests  after 
cutting,  for  the  distant  future.  Meantime 
forest  fires  increased  in  number  and  destruc- 
tiveness,  serving,  by  the  end  of  the  nineteenth 
century,  to  call  attention  to  the  urgent  need  of 
action  to  conserve  the  forests  of  the  country. 

Within  the  past  generation  great  advances 
have  been  made  in  the  establishment  of  public 
forests,  in  organized  fire  protection,  and  in 
general  public  interest  in  forestry.  In  spite  of 
this  good  beginning  there  are  still  more  than 
1(U),0()0,000  acres  of  forest  land  without  pro- 
tection from  fire;  the  old  methods  of  exploita- 
tion, without  provision  for  forest  perpetuation, 
are  still  in  use  on  the  majority  of  the  commer- 
cial forests  of  the  country;  we  are  still  deplet- 
ing our  timber  supplies  more  than  twice  as 
fast  as  production  by  growth;  and  the  economic 
and  social  consequences  of  years  of  abuse  of  the 
forest  resources  are  now  being  felt  in  many 
states  and  communities. 

To  solve  the  national  problem,  we  must 
check  further  waste  by  destructive  exploitation 
of  our  remaining  timber,  to  bring  under  control 
the  forest  fires  and  infestations  of  insects  and 
diseases,  and  to  initiate  on  a  wide  scale  the 
rehabilitation  of  the  areas  on  which  the  forest 
has  been  greatly  impaired  in  productiveness  or 
has  been  destroyed.  This  can  only  be  accom- 
plished by  a  vigorous  public  policy  in  which  the 
Federal  Government  must  take  the  active 
leadership. 

At  the  present  time  about  20  percent  of  the 
land  surface  within  the  Mississippi  Basin  is 
classed  as  forest.  Prior  to  settlement,  forests 
covered  about  40  percent  of  the  land.  The 
largest  percentage  of  forest  is  in  the  eastern 
portion  of  the  Basin.  West  of  the  Great  Plains 
the  forest  is  chiefly  confined  to  the  higher  eleva- 

A  Virgin  Forest  at  Left.     The  Forest  Checks  Erosion 
Roots  and  the  Litter  and  Humus  on  the  Ground. 
Ea,silv  Infiltrated  Soil  Retards  Run-off 


tions  of  the  Rocky  Mountains  and  outlying  Forestry 
spurs,  at  the  headwaters  of  the  Missouri  and 
Arkansas  Rivers.  Narrow  ribbons  of  forest 
growth  occur  naturally  along  the  water  courses 
in  the  prairie  region  and,  since  settlement, 
many  farmers  have  established  windbreaks  and 
small  wood  lots  by  planting. 
Services  from  the  Forests 

Forest  lands  of  the  country  represent  a  natu- 
ral resource,  comprising  today  about  600 
million  acres.  Such  an  expanse  provides  many 
varied  products  and  numerous  public  benefits 
of  vital  importance.  The  major  services  are  as 
follows:  They  provide  raw  material  for  building 
construction  and  for  the  manufacture  of  many 
articles  indispensable  in  everyday  life;  they 
support  industrial  activities  and  furnish 
employment  on  a  very  large  scale ;  they  occupy 
and  provide  a  productive  use  for  land  which  is 
unfit  for  agriculture  and  otherwise  would  be 
idle;  they  have  locally  a  beneficial  influence  on 
atmospheric  conditions;  they  are  the  most 
effective  cover  on  slopes  for  the  protection  of 
soil  from  erosion;  they  retard  the  surface  run-off 
of  water;  they  play  an  important  role  in  recrea- 
tion and  public  health;  and  they  provide  a 
natural  home  for  wildlife. 
Forests  and  Erosion 

The  conservation  of  forests  on  the  steep 
slopes  in  mountain  areas  and  elsewhere  is  of 
special  value  in  the  control  of  soil  erosion. 
The  web  of  roots  of  trees  and  lesser  growth  in 
the  forest  penetrates  the  soil  in  all  directions 
and  holds  it  firmly  in  place.  The  canopy  of 
branches  and  leaves  checks  the  force  of  heavy 
rains.  The  ground  cover  of  litter  and  humus 
protects  the  top  soil  from  the  wearing  action 
of  water  running  over  the  surface.  The  serv- 
ice of  forests  in  checking  soil  erosion  and  in 
lessening  run-off  of  water  on  slopes  consti- 
tutes the  chief  basis  for  the  poHcy  of  extending 
control  by  public  ownership  or  otherwise  on 
critically  located  land  in  mountain  areas. 
Forests  and  Run-oil 

Forests  lessen  the  velocity  and  reduce  the 
volume  of  the  run-off  of  water  on  slopes. 
Some  of  the  falling  water  is  intercepted  by 
the  branches  and  leaves  of  the  trees  and 
evaporated  before  it  can  reach  the  ground. 
The  trees,  shrubs,  and  other  vegetation  and 
the  ground  litter  act  as  a  meclianical  check 
to  reduce  the  velocity  of  the  surface  flow  of 
water.  Of  special  importance  is  the  power  of 
the  litter  and  humus  to  absorb  and  hold  water. 
The  litter  maintains  the  soil  in  a  maximum 
condition  of  porosity  for  infiltration  of  water,        83 
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A  mountain  stream  bordered  by  steep  slopes.     The  forest  is  of  vital  importance 
in  checking  erosion,  retarding  run-off,  and  lessening  freshets. 


and  it  protects  the  clogging  of  the  pores  by  a 
mud  film  that  develops  on  exposed  soil.  In 
the  case  of  prolonged  rains  which  cause  large 
floods  the  litter  and  soil  become  saturated  and 
the  effect  of  the  forest  in  reducing  the  volume 
of  run-off  is  greatly  lessened.  Under  certain 
circumstances  the  retardation  of  the  melting 
of  snow  in  the  spring  is  an  important  factor  in 
cliecking  excessive  run-oft". 

The  eft'ect  of  reducing  tlie  velocity  and 
volume  of  surface  run-oft"  of  water  is  to  moderate 
freshets  and  ordinary  floods  which  originate  in 
wooded  regions,  ^\hi[e  forests  are  important 
in  lessening  the  severity  of  torrents  and  local 
floods,  their  influence  is  limited  in  case  of 
great  floods  on  our  major  river  systems,  wiiicli 
are  the  result  of  prolonged  and  heavy  rainfall. 
Retardation  of  run-ofl"  and  maintejiance  of  the 
soil  in  a  porous  condition  by  forests  on  slopes 
increases  seepage  of  water  in  the  soil.  In 
many  circumstances  there  is  a  net  increase  of 
seepage  water  over  tliat  utihzed  by  the  forest 
vegetation  and  that  retained  in  the  soil,  which 
becomes  available  to  supply  springs  and  to 
maintain  the  dry -weather  flow  of  streams. 
Failure  of  Private  Ownership 

Four-fifths  of  the  productive  forest  land  of 
tlie  United  States  is  privately  owned.  Of  this 
about  60  percent  is  held  by  commercial  owners, 
and  the  balance  cliiefly  by  farmers  and  other 
owners.  Only  a  few  owners  of  commercial 
timber  lands  have  undertaken  to  adopt  measures 
of  forestry  in  the  management  of  their  proper- 
ties, other  than  to  cooperate  with  pubhc  agen- 
cies in  protection  from  forest  fires.  The  long 
time  required  to  produce  timber  of  value,  the 
hazards  from  fire,  insects,  tree  diseases,  and 
other  adverse  agencies,  uncertainties  of  mar- 
kets, inequities  and  burdens  of  the  prevailing 
tax  systems,  the  relatively  low  prospective 
returns  from  forestry,  in  contrast  to  other 
forms  of  business  ventures,  have  conspired  to 
prevent  any  considerable  number  of  private 
owners  from  embarking  on  forestry  as  a  busi- 
ness undertaking. 

The  lumber  and  logging  industries  have  been 
built  on  the  system  of  exploitation  of  timber 
already  grown.  When  the  timber  is  exploiteil, 
the  forest  is  depleted  or  wrecked  so  far  as  any 
immediate  service  is  concerned,  and  often  there 
is  left  a  train  of  economic  and  social  injuries  to 
the  community  wdiicli  was  built  up  by  the 
industrial  activities  furnished  by  the  temporary 
lumber  enterprise. 

Greater  progress  has  been  made  in  the  use  of 
forestry  methods  by  farmers,  owners  of  private 
estates  and  recreation  preserves  and  other  non- 


commercial owners.  The  aggregate  area  of  Forestry 
land  held  by  such  owners  that  is  actually  under 
good  forest  management  is,  however,  relatively 
small.  There  has  been  a  break-down  of 
private  ownership  of  forests,  from  the  stand- 
point of  their  maintenance  in  productive  con- 
dition. Not  only  has  there  been  a  failure  on 
the  part  of  commercial  owners  to  undertake 
practicable  forestry  measures,  but  the  situa- 
tion has  been  aggravated  in  recent  years  bj- 
the  unsound  condition  of  the  lumber  industry 
itself,  due  to  overdevelopment  of  manufactur- 
ing plants,  cut-throat  competition,  and  over- 
production of  lumber.  There  have  been  the 
inevitable  consequences  of  interrupted  employ- 
ment, tax  delinquency,  many  failures,  wasteful 
logging,  and  local  community  distress.  One 
expression  of  the  situation  is  the  very  large 
area  of  land  that  is  tax  delinquent,  a  large  por- 
tion of  which  is  unlikely  to  be  redeemed. 

The  benefits  of  forests  in  checking  erosion  and 
retarding  the  waters  carried  into  streams  will 
be  secured  by  the  widespread  protection  and 
constructive  numagement  of  forests  on  the 
slopes  of  hills  and  mountains.  A  national 
policy  of  forestry  should  emphasize  the  control 
of  erosion  and  of  the  run-oft"  of  water  as  one  of 
its  primary  purposes. 
A  National  Policy 

The  effort  to  develop  a  national  policy  of 
forestry  which  would  bring  about  a  better 
handling  of  the  forests  throughout  the  country 
has  been  under  way  for  nearly  a  generation. 
A  good  begnning  has  been  made,  but  there  is 
needed  a  much  larger  participation  of  the  public 
in  the  problem  than  has  heretofore  been  under- 
taken. A  national  policy  of  forestry  includes 
two  major  features;  first,  the  ownership  by  the 
pubUe  of  very  extensive  areas  of  land;  and, 
second,  pubhc  cooperation  \vi\\\  private  owners. 

Public  Forests:  The  National  Forests,  which 
were  established  on  lands  within  the  Public 
Domain,  marked  the  real  beginning  of  forestry 
on  a  substantial  scale  in  the  United  States. 
The  first  reserves  were  set  aside  soon  after  the 
passage  by  Congress  of  the  enabling  act  in  1891. 
In  1911  authority  was  granted  by  Congress  for 
the  acquisition  of  forest  lands  by  purchase. 
The  entire  system  now  embraces  an  aggregate 
area  of  about  165  million  acres,  including  20 
million  acres  in  Alaska.  Thirty-one  states 
have  now  adopted  a  pohcy  of  creating  state 
forests,  and  there  are  small  pubhc  forests  in  a 
considerable  number  of  counties  and  towns. 
The  total  area  of  state,  county,  and  town  forests 
now  amounts  to  about  11  million  acres.  The 
foregoing  does  not  include  the  National  and        85 


Foresirij  State  Parks  and  tlie  woodlaiul  i)iirks  of  other 
public  aijcncies. 

It  lias^  hecoino  increasingly  evident  that  it 
will  1)0  necessary  for  the  public  to  take  over  a 
vorv  much  larger  area  of  forest  land  if  the  public 
interests  inherent  in  forests  are  to  be  safe- 
guarded. The  U.S.  Forest  Service  has  recently 
completed  a.  comprehensive  survey  of  the  situa- 
tion and  reached  the  conclusion  that  there 
should  be  added  to  the  areas  now  owned  by  the 
public  about  225  miUion  acres.  Of  this  it  is 
estimated  that  about  60  percent  should  be 
acquired  by  the  Federal  Government  and 
about  40  percent  by  the  states  and  minor  units 
of  government. 

Other  Features:  It  has  been  a  consistent 
principle  that  the  public  has  a  responsibility  in 
forestry  beyond  the  acquisition  and  manage- 
ment of  public  forests.  It  is  incumbent  on  the 
federal  and  state  governments  to  take  such 
action  as  may  be  necessary  to  prevent  destruc- 
tive practices  on  private  lands  which  will  lead 
directly  or  indirectly  to  public  injury.  The 
Government  has  already  embarked  on  a  plan  of 
giving  aid  to  states  in  bringing  about  a  better 
protection  and  handling  of  private  forests. 

The  major  lines  of  endeavor  in  public  forestry 
in  addition  to  those  involved  in  the  acquisition 
and  management  of  public  forests  are:  (1)  coop- 
erative protection  from  fire  on  private  and 
state  lands;  (2)  cooperative  protection  of 
forests  from  insects  and  diseases;  (3)  establish- 
ment of  equitable  systems  of  taxation  in  the 
several  states;  (4)  cooperation  with  farmers 
through  extension  teaching  and  by  furnisliing 
planting  stock;  (5)  extension  work  with  indus- 
trial and  other  owners,  as  well  as  with  farmers; 
(6)  a  program  of  extensive  planting,  under  the 
auspices  of  the  Federal  Government,  of  wind 
breaks  in  the  central  western  states;  (7)  exten- 
sive work  in  erosion  control;  (8)  research  and 
experiment,  a  large  part  of  which  will  fall  on 
the  Federal  Government;  (9)  public  credit,  to 
aid  owners  who  handle  their  lands  on  the 
principles  of  sustained  yield;  (10)  an  economic 
forest  survey,  to  carry  forward  the  work  already 
initiated  in  the  determination  of  the  amount  of 
standing  timber,  the  condition  of  the  forests, 
and  the  economic  problems  in  the  different 
regions  of  the  country. 

The  Federal  Government  has  a  part  to  play 
in  all  of  the  foregoing  activities.  In  most  cases 
there  is  already  basic  authority  for  the  work, 
but  inadequate  financial  support.  The  Forest 
Service  in  the  National  Plan  of  American 
Forestry,  recently  published,  estimates  that 
86        in  order  to  meet  the  urgent  public  needs  of 


forestry  there  would  be  required  in  federal 
expenditures  during  the  next  20  years,  an 
average  of  about  47  million  dollars  per  annum 
for  acquisition  of  forest  land  and  for  other 
capital  pxpciulitures,  and  an  average  of  about 
27  million  dolliirs  per  annum  for  maintenance  of 
the  National  Forests,  for  cooperative  work,  for 
research  and  other  current  activities. 
Forestry  Under  the  Code 

The  code  of  the  lumber  and  timber  pioducts 
industries  contains  provision  for  the  intro- 
duction of  measures  of  forest  practice  essential 
to  the  conservation  and  sustained  production 
of  forest  resources.  Rules  and  regulations 
have  been  formulated  and  regional  boards  and 
committees  organized.  It  remains  to  be  seen 
how  effective  this  plan  will  be  in  bringing 
about  a  modification  of  the  destructive  prac- 
tices heretofore  in  effect.  The  weakness  of  the 
plan  is  that  it  is  a  feature  of  a  temporary 
recovery  undertaking,  and  it  does  not  provide 
adequately  for  enforcement  of  the  forestry 
regulations  by  the  Government. 
Regulation  of  Private  Forests 

Numerous  regulatory  measures  affecting  the 
handling  of  private  forests  are  now  in  existence. 
These  are  chiefly  concerned  with  the  pre- 
vention and  control  of  forest  fires.  Two  states 
have  regulations  requiring  owners  to  leave 
seed  trees  under  certain  conditions  in  order 
to  insure  a  reestablishment  of  growth  of 
valuable  trees.  Otherwise,  there  have  been 
no  attempts  to  control  methods  of  cutting  in 
order  to  prevent  forest  destruction  and  conse- 
quent injuries  to  public  interests.  If  the 
public  undertakes  a  policy  of  cooperation  with 
private  owners  of  the  character  and  scope 
that  has  been  recommended,  there  must  be 
assurance  that  private  owners  will  do  their 
part  in  adopting  constructive  measures  of 
forest  practice.  Without  public  control  such 
assurance  cannot  be  given.  The  present 
lumber  code  of  the  N.R.A.,  if  continued  in 
some  permanent  form,  offers  the  opportunity 
for  a  better  ordered  and  more  prosperous 
industry,  and  also  for  the  application  of 
systematic  forestry  on  private  lands,  with 
such  regulatory  control  by  the  Government 
as  maj^  be  necessar\'  to  safeguard  the  public 
interests. 
Coordination 

Forests  have  an  important  part  to  play  in 
erosion  control,  in  protecting  the  slopes  on 
drainage  areas,  in  the  problems  of  agriculture, 
in  recreation,  and  the  conservation  of  wild-life. 
National  planning  in  forestry  should  go  hand 
in  hand  with  planning  in  these  other  fields. 
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Importance  of  the  Resource 

There  are  many  public  benefits  derived 
from  an  abundant  supply  of  useful  wildlife. 
It  attracts  people  to  country  districts  for 
recreation,  for  hunting  and  fishing,  or  to  study 
the  habits  of  wild  creatures.  Game  and  fish 
have  a  large  value  for  food  and  other  products. 
The  protection  of  insectivcrous  birds  is  vital  in 
preventing  damage  to  crops.  And  as  a  feature 
of  recreation  the  existence  of  wildlife  increases 
local  employment  and  financial  returns  from 
tourists,  fishermen,  and  hunters. 

The  conservation  of  wildlife  is  an  important 
phase  of  planning  for  water  use  and  control. 
First,  a  long- time  program  of  public  develop- 
ment of  water  resources  will  increase  the  num- 
ber and  improve  the  condition  of  lakes,  ponds, 
marshes,  and  streams,  which  are  an  essential 
feature  of  the  habitat  of  waterfowl,  fish,  and 
certain  mammals;  and  second,  an  ample  supply 
of  wildlife  is  of  direct  value  in  the  economic 
development  of  regions  served  by  water  im- 
provements. Of  special  importance  is  the 
problem  of  conserving  and  increasing  the  na- 
tional supply  of  migratory  waterfowl  and 
fresh-water  fish. 

For  manj-  years  there  has  been  a  progressive 
decrease  of  most  forms  of  useful  wildlife.  This 
is  true  of  waterfowl;  upland  game  birds;  song, 
insectivorous,  and  ornamental  birds;  large 
game;  fur-bearing  animals;  and  fresh-water 
fish.  The  supply  of  certain  species  of  useful 
and  interesting  wildlife  has  been  exhausted  in 
some  sections  of  the  country,  and  some  species 
are  so  rare  as  to  be  of  little  more  than  scientific 
value.  In  the  case  of  waterfowl  the  supply  has 
been  greatly  depleted,  the  birds  no  longer  visit 
some  of  the  former  areas  of  large  concentration, 
certain  species  are  rarelj-  seen,  and  several  are 
approaching  extinction. 

There  are  two  outstanding  causes  of  the 
decrease  of  wildlife.  The  first  is  the  impair- 
ment or  destruction  of  the  natural  habitat  of 
the  wild  creatures.  The  second  cause  is  the 
excessive  Icilling  for  sport  and  for  market. 
These  causes  are  accentuated  by  uncontrolled 
predators  and  by  diseases  which  are  often 
devastating  in  their  effect. 

The  expansion  of  settlement  and  land  use 
have  incATitably  encroached  on  the  natural 
breeding  and  feeding  grounds  of  many  types  of 
wildlife.  The  occupancy  of  the  open  prairies 
and  plains  has  driven  the  remnants  of  the 
larger  game   into    the   mountains   and   forest 


districts,  and  bird  hfe  in  this  region  has  been 
reduced  to  a  relatively  small  proportion  of  the 
original  stock.  Clearing  of  forests  for  agri- 
culture and  pasture,  lumbering,  and  repeated 
forest  fires  have  nmterially  changed  the  local 
conditions  of  food  and  environment  for  wild 
animals  and  birds.  The  use  of  waters  in  dry- 
land regions  for  irrigation  and  other  purposes, 
the  extensive  draining  of  lakes,  ponds,  and 
marshes,  the  frequent  destruction  of  the 
natural  vegetative  cover  bordering  on  bodies  of 
water,  and  the  pollution  of  streams,  harbors, 
and  estuaries  have  destroyed  many  millions 
of  acres  of  breeding  and  resting  areas  of  migra- 
tory waterfowl. 

These  devastating  changes  in  natural  habitat 
have  been  accompanied  by  a  ruthless  exploita- 
tion of  wildlife  by  hunters.  In  the  case  of 
water  fowl,  the  recent  great  drought  is  not 
alone  responsible  for  the  present  critical  con- 
dition of  the  stock  of  birds.  The  supply  had 
already  been  enormousty  depleted  over  a  long 
period  of  years.  Development  of  highways, 
extended  use  of  the  automobile  and  motor 
boat,  invention  and  continued  use  of  automatic 
arms,  and,  in  the  case  of  wild  fowl,  ingenious 
devices  of  baiting,  have  made  our  wildlife 
easy  prey  to  the  hunters.  To  this  must  be 
added  the  inelTectiveness  of  many  of  oui 
state  game  laws,  lax  administration  of  law, 
the  lack  of  adequate  funds  for  the  enforcement 
of  the  federal  migratory  bird  law,  and  the 
widespread  failure  to  recognize  the  basic 
principles  of  constructive  wildlife  management. 
Conservation  Policies 

Early  efforts  in  conservation  of  v\ildUfe  were 
through  local  game  associations  and  scientific 
agencies  and  directed  to  education  of  sports- 
men and  the  general  public  in  the  need  of  re- 
strictive measures  in  hunting  and  fishing. 
There  followed  the  establishment  of  game  laws 
and  administrative  organizations  by  states. 
These  laws  prescribed  seasons  for  hunting  and 
fishing  and  hmitations  on  the  take.  For  the 
most  part  the  administration  of  the  laws  was 
lax  and  inett'ective  and  in  many  sections  lacked 
pubhc  support.  The  chief  defect  of  the  system 
was,  and  largely  still  is,  the  effort  to  administer 
a  living  resource  like  wildlife  through  legisla- 
tive regulations. 

The  second  step  in  wildhfe  conservation  was 
taken  in  connection  with  the  establishment  of 
public  forests,  parks,  and  reservations  set  aside 
primarily  for  game  conservation.  Wildlife  is 
recognized  as  a  valuable  natural  resource  on 
these  public  properties,  and  every  effort  is 
made  to  conserve  it,  though  there  have  been 


many  handicaps  due  to  trespass,  lack  of  public 
support,  lack  of  scientific  information,  and  in 
same  cases  unintelligent  administration. 

In  recent  years  there  has  been  a  great  ad- 
vance through  research  in  knowledge  of  the  life 
habits  and  requirements  of  vv-ildlife.  The 
knowledge  of  the  environmental  needs  of  game, 
their  food  and  breeding  habits,  ami  their 
seasonal  movements,  has  aided  in  furnisliing  a 
basis  for  their  actual  management.  Hence  the 
emphasis  now  given  to  substitution  for  the  old 
rigid  state  laws  of  authority  to  the  administra- 
tive officers  to  modify  the  regulations  relative  to 
the  use  of  the  increase  of  game  in  accordance 
with  its  local  requirements. 

The  swing  of  sentiment  toward  saving  game 
has  sometimes  resulted  in  unintelligent  regula- 
tions detrimental  to  its  welfare.  Thus  the 
demand  for  complete  conservation  or  prohibi- 
tion of  all  kiUing  of  the  increase,  has  led,  in  cer- 
tain instances,  to  over-stocking  of  areas  with 
game  and  to  extensive  starvation  and  disease 
on  account  of  lack  of  food.  Such  conditions 
have  obtained  with  deer  in  the  Kaibab  plateau 
in  Arizona  and  also  in  parts  of  the  East,  and 
there  is  danger  of  its  repetition  elsewhere. 

The  successful  administration  of  our  public 
reservations,  betterment  of  state  management 
in  many  sections,  and  a  greatly  improved  public 
sentiment  have  already  resulted  in  an  mcrease 
of  some  valuable  species  of  large  game.  The 
commendable  work  of  national  and  state  asso- 
ciations of  sportsmen  and  others  interested  in 
wildlife  conservation,  of  civic  organizations, 
and  of  scientific  and  educational  institutions, 
have  played  an  important  part  in  improving 
state  laws,  in  advancing  federal  legislation,  and 
stimulating  intelligent  pubhc  opinion.  The 
admirable  efforts  of  agencies  interested  in  con- 
servation of  inland  fisheries,  through  develop- 
ment of  hatcheries  and  restocking  of  lakes  and 
streams  are  resulting  in  the  progressive  restora- 
tion and  increase  of  fish  life.  In  spite  of  these 
efforts  our  wildUfe  generally  is  still  decreasing 
at  an  alarming  rate. 

Of  special  importance  in  \\-ild  life  conserva- 
tion have  been  the  Migratory-Bird  Treaty  with 
Canada  and  the  various  acts  of  Congress 
relating  thereto,  and  the  recent  Duck  Stamp 
Act,  which  together  give  authority  to  regulate 
the  killing  of  waterfowl  and  other  migratory 
birds  and  also  authority  to  acquire  lands  for 
breeding  and  resting  places  for  them.  There  is 
now  a  basis  for  an  effective  federal  control  of 
migratory  waterfowl.  There  remains  the 
necessity  of  providing  adequate  funds  for  the 
enforcement  of  the  federal  regulations  and  to 


restore  and  extend  on  large  scale  the  marshes        Conservaiion  of 
and  ponds  essential  to  maintain  the  stock  of        Wildlife 
birds. 

A  Public  Problem 

Wildlife  is  in  a  real  sense  a  public  resource; 
it  is  not  the  private  property  of  the  owner  of 
land  on  which  at  a  given  time  it  may  happen  to 
be.  The  states  have  the  power  to  control  its 
use,  to  regulate  the  amount  that  can  be  taken 
by  individuals  and  the  seasons  of  hunting  and 
fishing,  and  to  prohibit  altogether  the  taking 
of  specified  kinds  of  wildlife.  The  responsi- 
bility for  the  protection  and  constructive 
management  of  wildlife  thus  rests  primarily 
with  the  public  itself.  The  private  owner  of 
land  may,  under  the  trespass  laws,  proliibit 
others  from  hunting  on  his  land,  but  he  is 
subject  to  state  laws  in  hunting  on  his  own 
property. 

Control  of  migratory  birds  falls  in  a  some- 
what different  category.  Through  a  treaty 
with  Canada  and  Federal  legislation  enacted  to 
carry  out  the  treaty,  migratory  birds  come 
under  jurisdiction  of  the  Federal  Government. 

Private  owners,  though  subject  to  public 
regulations,  have  a  personal  interest  in  con- 
servation of  wildlife  on  their  land,  for  hunting, 
for  food,  for  their  own  general  enjoyment,  or  for 
leasing  privileges  to  others.  There  is,  there- 
fore, a  basis  for  cooperation  between  the  public 
agencies,  private  land  owners,  sportsmen,  and 
recreationists,  in  the  conservation  of  wildlife. 

Thus  it  is  evident  that  the  responsibility  of 
conserving  and  building  up  wildlife  rests  with 
the  states  and  the  Federal  Government.  Each 
has  its  specific  functions.  The  objectives  of 
wUdhfe  conservation  will  be  accomphshed, 
however,  only  through  close  coordination  of  the 
efl'orts  of  the  Government,  the  several  states, 
quasi-pubhc  agencies,  and  the  private  indi- 
viduals who  may  have  an  interest  in  this  val- 
uable natural  resource.  National  planning  is 
essential,  in  which  the  Federal  Government 
should  take  the  leadership. 

Essential  Public  Action 

Federal  Action:  The  report  of  the  President's 
Committee  on  Wild  Life  Kestoration,  presented 
early  in  1934,  made  specific  recommendations 
for  immediate  action,  with  special  reference  to 
the  acquisition  by  the  Government,  of  extensive 
areas  for  breeding  grounds  and  refuges  for 
various  types  of  wildlife,  and  recommendations 
for  the  coordination  of  the  activities  of  federal 
agencies  dealing  with  wildlife  problems.  These 
and  other  features  of  federal  action  that  are 
desirable  are:  89 
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1.  A  large  program  of  acquisition  by  the 
(Jovernnicnt  of  lands  suitable  for  the  restora- 
tion of  wildlife  in  different  parts  of  the  coun- 
try. The  President's  Committee  recommends 
an  immediate  objective  of  four  million  acres 
for  breeding  and  resting  grounds  for  migratory 
water  fowl  and  shore  birds;  five  million  acres 
for  upland  game;  one  mUhon  acres  as  breeding 
and  nesting  places  of  song,  insectivorous  and 
other  birds  that  are  becoming  scarce;  and  two 
million  acres  for  big  game,  fur  bearers,  and 
other  mammals. 

2.  A  stronger  financial  support  of  the  wild- 
life conservation  activities  of  the  federal  agen- 
cies charged  with  the  administration  of  the 
National  Forests,  Parks,  existing  federal  wild- 
life reservations,  and  the  PubHc  Domain. 

3.  Adequate  financial  support  for  the  en- 
forcement of  the  federal  regulations  promul- 
gated under  authority  of  the  Migratory  Bird 
Treaty  Act. 

4.  Effective  coordination  of  the  efforts  of  all 
federal  agencies  dealing  with  wildlife,  including 
cooperation  in  the  development  and  use  of 
public  reservoirs,  pools,  lakes,  ponds  and 
marshes,  to  provide  for  protection  of  the  breed- 
ing and  resting  places  of  migratory  waterfowl, 
with  adequate  funds  for  this  special  work. 

5.  A  greatly  enlarged  program  of  research 
in  the  life  habits  of  wildlife  and  the  practical 
methods  of  conservation. 

6.  Leadership  in  educational  work  directed 
to  encouragement  of  effective  state  game  laws 
and  administration  based  on  sound  principles 
of  wild  life  management. 

7.  Educational  work,  in  cooperation  with 
the  states  and  otherwise,  to  develop  a  more 
intelligent  understanding  of  the  importance  of 
wild  life  and  of  its  special  problems  on  the  part 
of  the  general  public. 

8.  Encouragement  of  private  efforts  in  wild- 
life conservation. 


9.  Leadership  in  a  vigorous  program  for 
suppressing  diseases  of  wildlife  and  of  reducing 
the  injury  by  predators. 

10.  Liberal  financial  support  of  the  program 
of  conservation  of  inland  fisheries. 

State  Action:  The  appropriate  activities  of 
the  state  wildlife  agencies  are  in  many  instances 
similar  to  those  indicated  in  the  foregoing  list 
as  desirable  by  the  Federal  Government.  In 
certain  lines  of  endeavor  the  Government 
should  act  through  or  in  cooperation  with  the 
states.  The  states  have  immediate  jurisdic- 
tion over  wildlife.  Their  first  responsibility 
is  in  sound  legislation  in  wildlife  and  in  vigorous 
enforcement  of  the  laws,  such  as  are  in  effect 
in  some  of  the  states.  A  second  feature  of 
state  poHcy  should  be  to  extend  the  number  of 
wildlife  reservations  and  refuges.  The  state 
is  in  a  specially  favorable  situation  to  encour- 
age and  assist  private  owners  to  improve  the 
environmental  conditions  for  useful  wildhfe 
in  their  woodlands  and  fields,  and  to  cooperate 
with  those  interested  in  game  farming.  In  the 
control  of  disease  attacking  wildlife  the  states 
have  an  important  function.  There  is  a  state 
responsibihty  in  educating  the  general  pubUc 
in  the  problems  of  wildlife,  and  also  in  training 
a  competent  technical  personnel  for  adminis- 
tration and  research.  Liberal  appropriations 
are  essential  to  enable  the  state  agencies  charged 
with  wildlife  administration  to  carry  out  their 
work  effectively. 

The  counties  and  municipalities  have  also 
a  part  to  play  in  wildlife  conservation,  on  their 
publicly  owned  forests,  parks,  reservoirs,  and 
streams,  in  cooperation  with  the  states. 

The  activities  of  the  Federal  Government 
need  not  in  any  way  conflict  with  those  of  the 
states.  National  planning  provides  for  coord- 
ination of  effort  by  the  several  units  of  govern- 
ment toward  a  common  objective. 
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A  reservoir  constructed  primarily  for  recreation.     The  land  on  its  borders  is  fully 
92      developed  with  summer  homes,  a  golf  course,  and  other  facilities. 
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The  New  Public  Problem 

In  recent  years  there  has  been  a  new  and 
unprecedented  demand  for  public-recreation 
facilities.  This  is  a  natural  result  of  popu- 
lation increase,  especially  in  urban  coinnni- 
nities,  the  high  tension  of  modern  life,  and 
the  increase  of  leisure  time.  Additional  factors 
are  development  of  the  automobile  and  con- 
struction of  high\va5's,  and  the  progressive  clos- 
ing to  general  use  of  private  forests,  fields, 
lakes,  and  streams,  in  countr}'  districts,  and 
the  occupancy  of  open  city  lots  formerly 
available  for  sports.  Finally  there  is  a  new 
appreciation  of  the  benefits  of  recreation 
among  all  classes.  In  recreation  we  are  dealing 
with  a  great  human  problem  that  touches  the 
needs  of  all  persons.  There  are  involved  the 
public  health  of  communities,  child  welfare, 
checking  of  juvenile  delinquency,  the  efficiency 
of  workers  in  every  group,  and  public  morale 
generally.  From  these  standpoints  alone  the 
problem  of  recreation  is  public  in  character 
and  national  in  scope. 

Business  enterprise  has  been  c[uick  to  respond 
to  widespread  demand  for  recreation  facilities 
and  ecjuipment  wherever  profit  is  possible. 
In  cities  there  are  theaters,  concert  and  lecture 
halls,  amusement  parks  and  resorts,  arenas, 
gymnasiums,  skating  rinks,  dance  halls,  bowl- 
ing alleys,  pool  rooms,  cabarets,  and  the  like. 
In  rural  sections  where  natural  features  of 
beauty  and  interest  attract  visitors,  there  are 
provided  summer  hotels,  over-night  camps, 
boarding  houses,  roadhouses,  shooting  and 
Ashing  camps,  commercial  boys'  and  girls' 
camps,  hunting  and  shooting  camps,  golf  links, 
boating  equipment  for  hire,  and  facilities  for 
winter  sports.  A  large  industry  has  been 
developed  for  manufacture  of  equipment  for 
parks  and  playgrounds,  and  articles  and  mate- 
rials for  various  sports.  In  some  States, 
recreation  has  become  one  of  the  most  important 
industries. 
Public  Responsibilities 

Private  enterprise  furnishes  the  major  part 
of  facilities  for  recreation,  measured  in  invest- 
ment of  capital  and  annual  expenditures.  From 
the  social  point  of  ^-iew  there  is  a  definite  limi- 
tation to  the  service  of  private  enterprise  in 
meeting  the  recreation  problem.  Tliis  is  par- 
ticularly true  of  outdoor  recreation.  We  may 
not  expect  private  enterprise  to  provide  open 
squares,  city  parks,  and  playgrounds  in  cities, 
nor  large  regional  parks  and  forests,  wilderness 


areas,  nor  public  shooting  and  fisliing  grounds.  Recreation 
Maintenance  of  the  liighway  beauty,  and 
preservation  of  areas  of  scenic,  historic,  and 
scientific  interest,  are  also  a  public  responsibility. 
Already'  this  has  been  recognized  in  the  public 
recreation  movement,  by  establishment  of 
national,  state,  county,  and  municipal  parks 
and  forest  reservations,  by  recent  development 
of  parkways,  planting  of  roadside  trees,  land- 
scape work  along  the  highways,  acquii'ement  of 
roadside  strips  of  forests,  and  by  the  effort  to 
abolish  unsightly  commercial  signs  and  struc- 
tures in  rural  sections  of  public  roads. 

The  system  of  National  Parks  embraces  more 
than  six  milHon  acres  of  land  in  15  States,  in 
addition  to  areas  set  aside  in  Alaska  and  the 
Hawaiian  Islands.  National  Forests  comprise 
about  145  million  acres  in  34  States  and  20 
million  acres  in  Alaska  and  a  small  area  in 
Puerto  Rico.  There  are  71  National  Monu- 
ments in  the  United  States.  Thirty-seven 
States  have  State  parks  or  forest  preserves,  or 
both  aggregating  more  than  six  million  acres. 
More  than  530  cities  having  a  population  of  over 
5,000,  in  addition  to  many  smaller  cities  and 
towns,  have  established  municipal  parks.  And 
there  are  county  parks  in  20  States  aggregating 
more  than  108,000  acres.  In  addition  to  the 
foregoing  there  are  numerous  national  and 
State  wildlife  reservations  and  refuges. 
Water  Use  and  Control 

Water  plays  a  major  role  in  recreation. 
The  seashore,  lakes,  ponds,  rivers,  streams,  and 
waterfalls,  are  among  the  more  important 
features  which  attract  people  to  the  country. 
Summer  homes,  hotels,  and  camps  are  built 
near  them,  and  great  numbers  of  people  are 
attracted  to  use  the  waters  for  bathing,  boating, 
and  fishing  and  to  enjoy  the  stimulus  of  their 
beauty  and  invigorating  climate.  The  recre- 
ation programs  of  the  more  progressive  cities 
include  development  of  ponds,  lagoons,  and 
swimming  pools.  Some  of  the  most  popular 
municipal  and  State  parks  provide  public 
bathing  beaches" on  the  shores  of  the  ocean, 
rivers,    and    lakes. 

Public  works  for  water  conservation  and 
control  will  enlarge  the  opportunities  for 
recreation  in  thi-ee  ways: 

1.  The  construction  of  storage  reservoirs 
wliich  are  maintained  at  a  reasonably  uniform 
level  wiU  create  new  centers  for  recreation. 
This  ser\-ice  will  be  particularly  important  in 
the  central  vallej-s  of  the  Mississippi  Basin 
where  there  is  a  lack  of  natural  features  suitable 
for  public  recreation.  93 


iiion  2.  The  maintenance  of  the  dry-weather  flow 

of  rivers  ^vill  greatly  increase  the  use  of  streams 
where  low  water  often  interferes  with  boating 
or  where  pollution  prevents  fish  life  and  makes 
the  rivers  unpleasant  for  recreation  use. 

3.  Reservoirs  and  pools  in  manj^  cases  are 
suited  for  breeding  and  resting  places  for  wild 
fowl  and  thus  aid  in  the  problem  of  wildhfe 
conservation. 

Frequently  the  value  of  waters  for  recreation 
exceeds  their  value  for  other  types  of  service. 
Thus  popular  sentiment  in  some  instances 
prevents  the  development  of  natural  lakes  in 
public  reservations  for  storage  lest  their 
recreation  features  be  impaired  by  raising  and 
lowering  the  water.  There  may  thus  be  a 
conflict  in  use  between  recreation  and  other 
uses  of  water  which  calls  for  coordination  of 
use  where  this  is  feasible. 
Public  Policies 

Great  advance  has  been  made  in  planning 
for  outdoor  recreation.  This  is  especially  true 
in  urban  communities  in  connection  with  gen- 
eral city  and  regional  plannmg.  During  the 
past  ten  to  fifteen  years  the  movement  for 
national  and  State  parks  has  assumed  national 
significance.  The  National  Conference  on  State 
Parks,  established  in  1921,  President  Coolidge's 
National  Conference  on  Outdoor  Recreation, 
oi^anized  in  1924,  and  the  work  of  the  National 
Recreation  Association  and  many  other  ci\-ic 
agencies,  have  not  only  contributed  to  awaken 
widespread  interest  in  the  problems  of  recrea- 
tion but  have  brought  about  a  great  deal  of 
intelligent  planning  for  public  action. 

Most  of  the  activities  of  the  Federal  Gov- 
ernment in  recreation  have  been  connected 
with  development  and  administration  of  the 
National  Parks,  Monuments,  National  Forests, 
and  Wild  Life  Reservations.  The  Wilderness 
Area  is  a  new  type  of  reservation  and  so  far 
chiefly  confined  to  specially  designated  por- 
tions of  the  National  Parks  and  Forests. 
The  popularity"  of  public  reservations  has 
led  to  a  demand  for  their  extension  and  also 
for  new  types  of  Federal  recreation  grounds. 
Fear  is  now  frequently  expressed  that  the  pene- 
tration of  areas  of  natural  beauty  by  highways 
maj"  alter  their  wilderness  character.  Hence, 
there  is  a  demand  that  still  larger  areas  in  the 
National  Parks  and  Forests  be  retained  in  their 
primitive  condition,  and  new  wilderness  areas 
established  outside  the  present  reservations, 
without  highways  and  with  access  only  by 
trad. 

The  National  Parks  were  set  aside  originally 
94        to  preserve  in  their  natural  condition  areas  of 


supreme  beauty  and  grandeur  or  of  exceptional 
historic  or  scientific  interest.  They  soon  at- 
tracted a  verj-  large  nimiber  of  persons  to  enjoy- 
ment of  their  scenic  and  other  features.  They 
render  a  great  scr\-ice  in  recreation,  but  their 
selection  was  not  governed  in  the  first  instance 
by  a  policy  of  creating  a  system  of  national 
playgrounds.  The  purpose  was  rather  to  pre- 
serve and  prevent  impairment  of  areas  of  great 
national  significance.  Hence  the  National  Park 
Service  has  consistently  endeavored  to  main- 
tain the  highest  standards  in  the  selection  of 
areas  for  National  Parks,  and  to  resist  the 
popular  demand  for  creation  of  parks  by  the 
Federal  Govermnent,  which  are  below  standard 
from  the  standpoint  of  their  natural  features 
and  which  are  promoted  chiefly  to  meet  local 
recreation  problems  or  to  enable  local  com- 
munities to  benefit  commercially  from  the 
existence  of  Parks  supported  by  the  nation. 

The  National  Forests  are  in  large  part  lo- 
cated in  the  mountains  and  contain  areas  of 
great  value  in  recreation.  They  now  attract 
more  than  30  milHon  visitors  each  year.  They 
were  not  created  primarily  for  recreation,  but 
Hke  the  National  Parks,  render  a  great  public 
ser\'ice  in  recreation. 

The  restriction  of  the  National  Parks  to 
areas  of  supreme  grandeur  and  interest  has 
resulted  in  a  demand  for  federal  recreation 
areas  possessing  less  significant  natural  fea- 
tures but  of  value  as  pubUc  recreation  grounds 
because  of  their  location  ^\"ith  reference  to  use 
bj"  large  numbers  of  people.  It  has  been  sug- 
gested that  such  areas  be  given  a  special  name 
in  order  not  to  lower  the  standards  of  the  Na- 
tional Parks.  A  further  proposal  has  been  made 
that  the  Federal  Government  grant  funds  to 
the  states  to  enable  them  to  extend  their  sj's- 
tems  of  parks.  The  proposed  large  expansion 
of  the  program  of  the  National  Forests  will  in 
part  meet  these  problems.  If  the  Government, 
in  its  program  of  withdrawing  marginal  agri- 
cultural lands,  acquires  considerable  relatively 
small  areas  suited  to  public  recreation,  which 
are  not  located  so  that  they  can  be  made  a  part 
of  existing  National  Forests  or  Parks,  it  will  be 
necessary  to  determine  whether  they  should  be 
organized  as  federal  forests  or  recreation  areas 
or  wild  life  refuges,  or  placed  in  the  hands  of 
the  states  for  administration  and  development. 

There  are  many  areas  of  the  country  today 
wliich  lack  any  public  recreation  facilities  for 
the  people.  These  locaHties  and  the  states  in 
which  they  are  located  are  in  many  cases  finan- 
ciallj'  imable  to  acquire  and  develop  pubhc 
parks  and  playgrounds.     Hence  the  demand  for 


aid  from  the  federal  Government  is  likely  to 
increase. 

The  foregoing  are  some  of  the  problems  which 
indicate  the  need  of  a  National  policy  of  rec- 
reation. 
Features  of  a  National  Policy 

The  major  features  of  a  national  policy  and 
program  of  recreation  would  include: 

1.  A  comprehensive  study  of  the  problems 
of  recreation  in  the  countrj',  including  the 
location  of  areas  containing  natural  features 
of  special  interest,  the  areas  now  well  supplied 
or  likely  to  be  supplied  with  public  recreation 
faciUties,  and  the  areas  now  lacking  but  needing 
such  facihties. 

2.  The  determination  of  the  respective  re- 
sponsibiHties  of  the  Federal  Government,  states 
and  other  governmental  units  and  of  private 
interests  in  providing  facilities  for  outdoor 
recreation. 

3.  The  coordination  of  the  policies  and  ad- 
ministration of  recreation  by  the  several 
Government  bureaus  in  charge  of  the  federal 
reservations. 


4.  The  extension  of  the  principles  of  wilder- 
ness areas. 

5.  The  recognition  of  recreation  as  one  of 
the  public  uses  of  lands  acquired  bj'  the  Federal 
Government,  which  are  not  appropriate  for 
additions  to  National  Forests  or  National 
Parks. 

6.  Authority  by  Congress  for  the  acquisition 
of  lands  for  additions  to  National  Parks  and 
for  the  creation  of  new  National  Parks  if  the 
areas  are  of  proper  standard. 

7.  More  liberal  appropriations  for  the  devel- 
opment of  recreation  facilities  in  the  National 
Parks  and  National  Forests.  There  is  special 
need  of  such  development  in  the  National 
Forests. 

Coordination 

Recreation  is  an  important  factor  in  water 
use  and  control,  in  forestry,  in  wildlife  con- 
servation, and  in  the  problem  of  withdrawal 
from  agriculture  of  marginal  lands.  The  public 
policies  and  programs  of  recreation  in  these 
various  fields  should  be  closely  coordinated 
with  a  central  national  poUcj-  of  recreation. 
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PRECIPITATION    AND    R  U  N - O  F  F 
IN    THE    MISSISSIPPI    \"  A  L  L  E  Y 


Climatic  Controls 

Probably  no  region  of  comparable  size  or  of 
equal  importance  to  human  activities  has  as 
great  diversity  of  rainfall  and  run-off  as  the 
Mississippi  Valley.  The  briefest  description  of 
these  phenomena,  to  be  understandable,  must 
be  predicated  on  a  perspective  of  the  major 
climatic  controls.  There  are  several  major 
controls  of  climate.'  Those  affecting  the 
Mississippi  Valley  are: 

Latitude:  The  Mississippi  Valley  lies  between 
the  29th  and  49th  parallels  of  latitude,  a  dis- 
tance of  1,380  miles,  although  the  greatest  dis- 
tance along  any  one  meridian  (north  and  south 
line)  is  1,130  miles  from  the  mouth  of  the 
Mississippi  in  Louisiana  to  its  headwaters  in 
Minnesota.  Such  variation  in  latitude  is 
bound  to  produce  climatic  differences  which 
alone  will  jM'ofoundly  influence  precipitation 
and  run-oft'. 

Land  and  Water:  The  Mississippi  Valley, 
except  for  the  southern  fringe,  is  remote  from 
any  ocean  and  consequently  presents  a  conti- 
nental type  of  climate  with  relatively  great 
seasonal  fluctuations  of  temperature.  Such 
areas  are  prone  to  be  productive  of  unstable 
air  currents,  frequent  thunderstorms  and  tor- 
nadoes. In  general  they  are  controlled  as  to 
precipitation  by  the  occurrence  of  cyclonic 
storms  crossing  the  continent. 

The  great  water  areas  of  the  Gulf  of  Mexico 
and  the  Atlantic  Ocean,  especially  the  Gulf, 
constitute  the  initial  source  of  large  quantities 
of  water  vapor  carried  into  the  Mississippi 
Valley  by  prevailing  winds. 

Mountain  Barriers:  The  Mississippi  Valley  is 
shut  in  by  the  Eocky  Mountains  on  the  west 

1  "Major  Controls  of  the  Climates  of  the  United  States"  by  R.  DeC 
Ward,  Monthly  Weather  Review,  October  1918;  and  "Climates  of  the 
L'nited  States"  by  R.  DeC  Ward,  Ginn  and  Company,  192.i. 


and  the  Appalachians  on  theeast.^  The  Rockies 
particularlj'  exercise  a  major  control  over  cli- 
mate, greatly  reducing  the  moisture  in  winds 
from  the  Pacific.  If  equivalent  east-west  bar- 
riers existed  north  of  the  Gulf  of  Mexico,  the 
interior  of  the  continent  would  be  far  more  arid. 
The  Appalacliians,  being  relatively  low  moun- 
tains, on  the  normally  leeward  side  of  the  Valley, 
exercise  less  efl'ect  in  preventing  southeast  mois- 
ture-laden winds  passing  to  the  interior. 

Altitude:  Winds  flowing  from  large  water 
areas  precipitate  moisture  as  they  are  forced  to 
rise  with  increasing  altitude  of  land  surfaces. 
This  phenomenon  is  pronounced  on  the  western 
slopes  of  the  southern  Appalachians  and  largely 
accounts  for  the  relatively  high  precipitation  in 
higher  portions  of  the  Ohio  Basin. 

Prevailing  Winds:  These  form  another  im- 
portant control  of  precipitation  and  run-off  in 
the  Mississippi  Valley.  Having  an  essentially 
continental  climate,  the  land  area  of  the  Valley 
tends  to  become  colder  than  the  oceans  and 
Gulf  in  Winter  and  warmer  in  Summer. 
Hence,  air  pressure  over  the  continent's 
interior  is,  on  the  whole,  higher  in  Winter  and 
lower  in  Summer  than  over  the  water  masses. 
Because  winds  incline  outward  from  a  high 
pressure  and  inward  toward  a  lower  pressure 
region,  there  is  a  general  tendency  (interrupted 
by  cyclonic  disturbances  to  be  described  later) 
for  winds  during  Winter  to  move  gradually  out 
of  the  high-pressm-e  area  over  the  western  part 
of  the  Valley  toward  the  south,  east,  and 
southeast,  displaced  by  cold  and  relati\'ely  dry 
air  from  Canada.  This  is  shown  on  Figure  la. 
As  the  winds  in  general,  except  for  the  Ohio 
Basin,  flow  southward,  they  become  heated  and 
the  vapor  capacity  per  unit  volume  is  increased. 
Hence,  we  find  everywhere,  the  least  precipita- 
tion dming  the  Winter  except  for  relatively 
small  areas  in  the  Ohio  and  Tennessee  Valleys 
and  a  nan-ow  band  along  the  Gulf  coast. 

Conversely,  diu'ing  the  Summer,  pressure 
over  the  contuicnt  interior  is  lower  than  over 


100 


the  oceans,  and  there  is  a  general  tendency  for 
winds  to  flow  into  the  Valley.  Because  winds 
from  the  Atlantic  and  Pacific  are  cut  off  by 
mountain  ranges,  virtually  the  only  gateway 
to  the  interior  is  from  the  Gulf.  Hence  warm 
winds  wliich  have  passed  over  wide  expanses 
of  warm  water  enter  the  Valley  and  pass  in  a 
generally  northward  direction  up  the  several 
river  basins,  as  shown  on  Figure  lb.  As  these 
winds  flow  northward  thej-  become  cooled  by 
contact  with  land  areas,  by  contact  with  colder 
air  to  the  north,  and  by  being  forced  to  rise 
over  momitain  slopes  or  over  masses  of  denser, 
cooler  air,  by  which  the  temperature  is  reduced 
through  expansion. 

Storms:  The  Mississippi  Valley  Ues  in  the 
path  of  the  prevailing  drift  from  the  west  of 
midlatitude  air  masses;  therefore  storms  which 
cause  disturbances  in  this  air  drift  tend  to  move 
in  a  direction  from  west  to  east  across  the 
continent.  These  storms  are  more  or  less 
circidar  areas  of  low  pressure  called  "cyclones  ", 
and  are  characterized  b\-  the  following  phenom- 
ena, as  illustrated  by  the  passage  of  a  typical 
"low"  over  the  Mississippi  Valley  shown  on 
Figures  2,  2a  and  2b,  respectively:- 


S.  The  cyclone  is  followed  by  an  area  of        Precipitation  and 
high  pressure,  called  an  anticyclone,  usually        Run-off  in  the 


bringing  clear  and  cold  weather. 


pressiu'e    area    from 
Pressure  at  center 


1.  Entrance  of  low 
Pacific  on  Februaiy  11. 
29.65  Deg. 

2.  Movement  eastward  becoming  central 
over  Nebraska  and  Kansas  on  February  13, 
with  increased  intensitv.  Pressure  at  center 
29.5  Deg. 

3.  Winds  in  general  flowing  toward  and 
around  the  center  in  a  counterclockwise 
direction. 

4.  To  east  of  center  winds  from  southeast. 
These  winds  come  from  warmer  regions  and 
may  have  blown  over  oceans.  They  contain 
much  moisture  and  are  cliilled  by  blowing 
northw^ard,  by  coming  in  contact  with  cooler 
air,  and  by  being  raised  as  they  approach  the 
center  of  the  cyclonic  area.  Hence  they 
precipitate  their  moisture.  Therefore,  the 
easterly  quadrants  of  a  cyclone  of  this  type 
are  likely  to  have  the  heaviest  precipitation. 

5.  Northwest  winds  to  the  north  and  west 
of  the  cj-clone  bring  cold  dry  aii-. 

6.  The  cyclone  has  passed  north  of  the 
Great  Lakes  by  Februarj'  15,  having  pur- 
sued first  an  easterly  and  then  a  northeasterh' 
course. 

7.  There  is  a  precipitation  area  to  the 
rear  (westerly  quadrants)  of  the  cyclone 
due  to  cold  atr  from  the  north  flowing  to- 
ward the  center,  wliich  cools  and  raises 
the  warm  moisture-laden  air  from  the  south 
and  east. 

'Elements  of  Hydrology"   by    Meyer. 
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The  general  tendency  of  cyclones  to  move  in 
an  easterly  and  then  northeasterly  direction  is 
shown  by  Figures  3a  and  3b,  on  wliich  are  indi- 
cated "storm  tracks."  These  are  mere  gen- 
eralizations of  typical  paths  followed  by  large 
numbers  of  cyclones  originating  in  the  north- 
west and  southwest. 

Also  bringing  heavy  occasional  precipitation 
to  the  Ohio  and  particularly  to  the  Tennessee 
Valley  are  the  West  Indian  hurricanes  which 
move  up  the  east  coast  during  the  autumn,  and 
occasionally  pass  a  considerable  distance  inland. 
These  account  for  much  of  the  extremely  high 
precipitation  on  the  headwaters  of  the  Ohio  and 
Tennessee  Valleys. 

The  control  of  mnter  chmate  of  the  Mis- 
sissippi Valley  is  due  cliiefly  to  passage  of  cy- 
clonic areas,  while  summer  climate  is  essen- 
tially controlled  by  solar  influences.  In  Winter 
and  Spring  well-defined  storms  cross  the  con- 
tinent, and  paths  followed  by  the  majority  in 
any  one  year  determine  differences  in  amount 
of  precipitation  and  ground-water  storage  of 
various  areas  in  the  region.  In  Summer  the 
more  or  less  regular  passage  of  cyclones  is 
absent,  and  rainfall  is  controlled  largely  by 
solar  influences  producing  in  some  years  abun- 
dant summer  rains  (usually  of  the  thunder- 
storm variety,  local  in  extent)  and  in  others  a 
dearth  of  precipitation  resulting  in  drought. 
Precipitation  in  the  Valley 

Year  in  and  year  out,  we  are  concerned  prin- 
cipally with  the  adequacy  of  precipitation  (in- 
cluding rain  and  snow)  to  support  vegetation, 
to  promote  agriculture,  and  to  supply  the  earth 
with  water  for  the  numerous  uses  to  which  it 
is  put  by  man. 

Annual  Precipitation:  On  the  large  map  and 
Table  I  is  shown  the  distribution  of  average 
annual  precipitation  throughout  the  Mississippi 
Valley.  The  first  point  to  be  emphasized  is  that 
the  amounts  shown  do  not  mean  that  every 
year  these  quantities  of  precipitation  may  be 


In  some  years  these  amounts  will  be 
considerably  exceeded  and,  in  others,  will  be 
considerably  less.  Moreover,  the  relative  dis- 
tribution shown  on  the  map  will  rarely  occur 
in  any  one  year.  The  map  merely  gives  a 
picture  of  an  annual  average  precipitation 
which  may  be  expected  in  a  long  term  of  years. 
It  does  present  an  accurate  dehneation  of  rela- 
tive wetness  or  dryness  in  various  parts  of  the 
Mississippi  Valley. 

Table  1. — Annual    precipitation    in    the    Mississippi 
Valley  ' 


Subbasin 

Drain- 
age 

Per- 

entire 
basin 

Aver- 
age an- 
nual 

fall 

Aver- 

^IVa?" 
snow- 
fall 

Total 
pre- 

Equivalent 

tion 

Inches 

Per- 

Missouri 

Square 
lues 
628,850 
187,  860 
203,900 
186,000 
90,000 
64,300 

42.3 
16.0 
16.6 
14.9 
7.2 
4.3 

Inches 
18.91 
28.72 
42.10 
28.00 
39.40 
49.37 

Inches' 
3.90 
3.10 
2.60 
1.30 

.50 

Inches 
22.81 
31.82 
44.70 

40.00 
49.87 

9.62 
4.78 
7.29 
4.36 
2.88 
2.17 

30  9 

Upper  Mississippi. 
Ohio 

16.4 
23.4 

Arkansas 

14.0 

Lower  Mississippi- 

7.0 

Total 

1,250,900 

mo 

31.10 

1 

100  0 

1  28.31 
1    91% 

2.79 
9% 

31.10 
100% 

1 

1  From  "Rainfall  Characteristics  of  the  Mississippi  Drainage  Basin." 
By  H.  C.  Frankenfield,  Trans.  Am.  Soc.  C.  E.  vol.  93,  1929. 
'  Rainfall  equivalent,  actual  depth  of  snowfall  shown  on  flg.  4. 

A  glance  at  the  facing  map  and  Table  1  will 
show  the  following  prmiary  facts  relatmg  to 
distribution  of  annual  precipitation. 

1.  The  lines  of  equal  annual  precipitation 
(isohyetal  Unes)  tend  to  run  in  a  general 
north-and-south  direction.  This  tendency  is 
most  pronounced  west  of  the  Mississippi. 
East  of  the  river  the  isohyets  tend  to  run 
northeast — southwest. 

2.  The  annual  rainfall  is  smallest  on  the 
west  of  the  Mississippi  Valley  and  increases 
gradually  to  a  maximum  to  the  east. 

3.  The  only  part  of  the  Mississippi  Valley 
having  an  average  annual  rainfall  less  than  IQ 
inches  is  a  small  area  centering  in  Big  Horn 
County  on  the  headwaters  of  the  Big  Horn 
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Kivcr  in  the  central-western  portion  of  \Vy- 
oniinjr.  This  region  is  in  a  deep  vailev  (ele- 
vation 3,800  to  4,800  feet)  surrounded  by 
mountain  ranges  of  7,000  feet.  The  average 
annual  rainfall  is  about  six  inches.  The  min- 
imum annual  rainfall  of  record  (1.20  inches) 
occurred  at  Iryatt^ille  in  1900.  At  this  sta- 
tion there  arc  generally  not  more  than  28 
days  per  year  when  precipitation  occurs,  and 
for  the  area  as  a  whole  not  more  than  40  days 
per  year  having  precipitation. 

4.  The  Great  Plains  region  has  for  the 
greater  part  an  average  annual  precipitation 
between  10  inches  and  20  inches.  The  north- 
western portion  has  between  10  inches  and 
15  inches. 

5.  There  is  a  relatively  uniform  band  rep- 
resenting average  annual  precipitation  be- 
tween 20  and  30  inches  extending  nearly 
north  and  south.  If  this  amount  of  rainfall 
could  be  depended  upon  each  year,  crop  pro- 
duction would  be  secure.  Unfortunately 
there  are  large  departures,  often  amounting 
to  50  percent  or  more,  in  the  rainfall  for 
any  one  year. 

6.  Throughout  the  central  lowland  region, 
the  precipitation  varies  from  30  to  40  inches. 

7.  As  the  Appalachian  Plateau  is  reached 
we  find  over  the  Ohio  and  Tennessee  Basins 
average  annual  precipitation  from  40  to  60 
inches  increasing  to  the  east.  This  is  the  best- 
watered  portion  of  the  Mississippi  Valley, 
affected  by  moisture-laden  winds  from  both 
the  Gulf  of  Mexico  and  the  Atlantic  Ocean. 
The  rainfall  is  not  only  larger  on  a  total 
annual  basis,  but  is  more  ecjually  distributed 
throughout  the  year  than  in  regions  to  the 
west.     This  is  shown  by  Figure  7. 

8.  Table  1  shows  the  "distribution  of  annual 
precipitation  over  the  principal  sub-basins  of 
the  Mississippi.  It  will  be  noted  from  the 
last  two  columns  that  the  relative  water-pro- 
ducing abilities  of  the  different  portions  of 
the  Valley  differ  materially.  Thus  the  Ohio 
Basin  with  less  than  40  percent  of  the  area 
of  the  Missouri  produces  82  percent  as  much 
precipitation  on  an  areal  basis.  Evidence  of 
this  is  seen  on  the  flow  map  as  the  Frontispiece 
of  this  report. 

9.  The  maximum  average  annual  precipi- 
tation (about  82  inches)  occurs  at  Highlands, 
N.C.,  in  the  Blue  Ridge  Mountains.  It  is  due 
almost  entirely  to  local  topographic  features 
whereby  heavy  rainfall  occurs  from  tropical 
hurricanes  and  from  local  thunderstorms  in 
summer.  The  maximum  annual  rainfall  of 
record  was  111.20  inches  in  1915. 

Variation  in  Annual  Precipitation:  The  long 
period  annual  precipitation  may  be  widely  de- 
parted from  in  individual  years,  or  even  for  a 
term  of  successive  wet  or  dry  years.  Regions 
vary  in  the  extent  to  which  the  annual  precipi- 
tation will  approach  the  average.  Figure  5^ 
shows  the  lO-year  moving  averages  for  various 
regions  in  the  Mississippi  Valley.     This  figure 

~  Prepared  from  data  by  J.  B.  Kineer,  U.S.  Weather  Bureau. 


indiciitcs  ji  pronounced  decrease  in  annual  pre- 
cipitation in  recent  years  in  the  northwestern 
and  western  lake  regions  and  a  tendency  toward 
decrease  in  most  other  regions.  Although 
much  of  the  Valley  is  now  in  a  period  of  low- 
rainfall,  every  unbiased  study  thus  far  made  by 
the  Weather  Bureau  and  other  qualified  agencies 
indicates  that  such  low  periods  in  rainfall  will 
be  succeeded  by  periods  of  high  rainfall  and 
there  is  every  reason  to  believe  that  within  the 
next  few  years  rainfall  in  this  territory  will 
tend  to  increase. 

Substantiation  of  this  forecast  is  to  be  found 
iiom  long  term  records  of  precipitation  such 
as  those  shown  at  the  bottom  of  Figure  5, 
presenting  data  for  98  years  and  88  years  at 
Marietta,  Ohio,  and  St.  Paul,  Minnesota,  re- 
spectively. It  will  be  noted  that  periods  of  low 
precipitation  even  greater  than  that  now  being 
experienced  have  occurred,  always  to  be  suc- 
ceeded by  periods  of  high  precipitation. 

Of  importance  in  activities  dependent  upon 
precipitation  is  the  degree  to  which  we  may 
expect  the  annual  precipitation  in  individual 
years  to  approach  the  long-term  average.  The 
annual  precipitation  in  the  Western  portion 
of  the  Mississippi  Valley  is  not  only  smallest 
in  absolute  amount,  but  is  subject  to  the  most 
frequent  and  largest  variations  from  the 
average.  When  the  average  annual  rainfall  is 
low,  say  15  inches  as  in  Montana,  a  variation 
of  four  inches,  nearly  25  percent  from  the  aver- 
age, is  much  more  serious  than  in  the  wetter 
regions,  say  in  Tennessee  \vith  about  50  inches 
average  when  a  four-inch  variation  represents 
less  than  10  percent. 

Seasonal  Distribution:  On  Figure  6  is  shown 
the  distribution  of  rainfall  by  months  for  areas 
within  the  Mississippi  Basin  where  similar  rain- 
fall types  prevail.  It  will  be  seen  that  nearly 
everywhere  west  of  the  Mississippi  maximum 
precipitation  generally  occurs  during  May  or 
June.  This  is,  of  course,  ideal  for  agricultural 
purposes.  East  of  the  Mississippi  the  distri- 
bution of  precipitation  throughout  the  year  is 
more  uniform,  often  with  two  or  more  peaks, 
and  with  the  minimum  occurring  in  October 
or  November.  The  average  amounts  of  precip- 
itation in  the  different  regions  during  the 
several  months  are  also  shown  on  Figure  6. 

Snow:  The  amount  and  distribution  of 
snowfall  as  distinct  from  rainfall  is  important 
in  many  considerations  of  water  use  and  con- 
trol. Dashed  lines  on  Figure  4  show  the  aver- 
age annual  depth  of  snowfall  in  the  Mississippi 
Valley  and  details  for  the  principal  sub- 
basins  are  presented  in  Table   1.     From  the 
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FIGURE  7. 


106         "A  drop  of  water,  evaporated  from  the  ocean,  rains  five  times".— Anonyc 


standpoint  of  rain  equivalence  it  is  usually 
assumed  that  10  inches  of  snow  is  equal  to  1 
inch  of  rain.  Actually  this  is  an  average 
figure  which  may  be  widely  departed  from, 
depending  upon  the  character  of  the  snow,  its 
degree  of  compactness,  etc. 
Run-off  From  The  Basin 

"All  the  rivers  run  into  the  sea,  yet  the  sea 
is  not  full;  unto  the  place  from  whence  the 
rivers  come  thither  they  return  again." — 
Ecclesiastes  1:7. 

The  Ihjdrohtgic  Cycle:  To  appreciate  ade- 
quately the  extremelj'  complex  and  diverse 
phenomena  attending  the  run-ofi'  from  various 
portions  of  the  Mississippi  Valley,  some  brief 
consideration  should  be  given  to  the  disposition 
of  the  precipitation  which  falls  on  the  region. 
On  Figure  7  there  is  presented  a  generalized 
picture  of  the  never-ending  cycle  described  in 
the  ancient  biblical  allusion  c[uoted  above. 
From  this  figure  it  will  be  seen  tliat,  of  the 
precipitation  condensed  from  water  vapor  in 
the  air,  most  of  it  (perhaps  SO  percent  on  the 
average)  falls  on  the  earth's  surface.  The 
remainder  is  intercepted  by  vegetation  from 
which  it  is  evaporated  to  the  air,  or  is  directly 
evaporated  while  falling  by  encountering  dry 
and  warmer  air  layers. 

Of  the  precipitation  which  reaches  the  sur- 
face, some  immediately  runs  ofl^  over  the  surface 
and  is  carried  away  by  streams  and  rivers ;  some 
is  evaporated  from  the  ground  or  water  sur- 
faces, and  some  infiltrates  into  the  ground. 
The  relative  quantity  of  effective  total  precipi- 
tation disposed  of  in  each  of  these  ways  will 
vary  greatly  throughout  the  Mississippi  Valley 
due  to  differences  in  temperature,  agricultural 
practices,  soils,  seasons,  and  vegetative  cover. 

Subject  to  the  wide  regional  and  local 
variations,  we  may  say  that  on  the  average, 
considering  the  Mississippi  Valley  as  a  whole, 
only  between  10  percent  and  40  percent  of 
the  total  effective  precipitation  is  reflected  in 
surface  run-off;  from  10  percent  to  25  percent 
is  evaporated  from  ground,  water,  or  tree 
surfaces;  and  from  35  percent  to  80  percent 
infiltrated  into  the  ground.  Of  the  latter,  a 
considerable  portion  is  taken  up  by  vegetation 
and  used  to  produce  vegetable  matter  or  is 
transpired  into  the  atmosphere  from  the  leaves. 
Of  the  total  effective  precipitation,  from  15 
percent  to  30  ])ercent  is  disposed  of  in  tliis  way, 
leaving  from  20  percent  to  50  percent  to  be 
disposed  of  as  ground-water  flow,  a  considerable 
proportion  of  which  ultimately  reaches  the 
streams  and  rivers  through  discharge  by  springs, 
and  seepage. 


Ultimately  all  precipitation  is  evaporated 
back  to  the  air,  completing  the  hydrologic 
cycle  shown  by  Figure  7. 

It  is  apparent  that  residual  rainfall  appearing 
as  run-off  in  streams  is  less  than  half  the  pre- 
cipitation. The  various  water  losses  are,  there- 
fore, of  great  importance  and  one  might  assume 
that  to  reduce  these  losses  by  artificial  methods 
would  be  beneficial.  This  has  been  particu- 
larly advocated  with  reference  to  the  largest 
of  these  losses — transpiration  by  vegetation. 
Certainly  if  we  entirely  denuded  a  relatively 
small  region,  the  total  run-off"  would  be  in- 
creased. But  we  must  consider  the  matter 
from  a  broad  regional  basis.  In  the  case  of 
the  Mississippi  Valley  the  subject  has  been 
well  presented  by  Zon,  who  says: 

As  soon  as  the  moisture-laden  winds  from 
the  Gulf  reach  the  land  and  encounter  irregu- 
larities they  are  cooled  and  begin  to  lose 
part  of  their  moisture  in  the  form  of  precipi- 
tation. As  long  as  the  air  currents  remain 
saturated  with  uioisturo  the  slightest  cooling 
or  irrcj^ularity  of  t!ie  land  that  causes  them 
to  rise  will  result  in  i)iocipitation.  But  as 
they  move  inhiml  uikI  become  drier  the  re- 
maining uinisture  is  given  off'  with  difficulty 
and  precipitation  decreases.  The  sooner  the 
humid  air  currents  over  land  are  drained  of 
their  nnoisture,  the  shorter,  of  course  is  the 
distance  from  the  ocean  over  which  abundant 
precipitation  falls.  If  precipitation  over 
land  depended  solely  on  the  amount  of  water 
brought  bj^  the  prevailing  winds  dii-ecth" 
from  the  ocean,  rainfall  would,  of  course,  be 
confined  only  to  a  narrow  belt  close  to  tl>e 
sea.  Not  all  the  water  that  is  precipitated, 
however,  is  lost  from  the  air  current.  A 
large  part  of  it  is  again  evaporated  from  the 
land  into  the  atmosphere.  The  moisture- 
laden  air  currents,  therefore,  soon  lose  the 
moisture  which  thej^  obtain  directly  from 
the  ocean,  but  in  moving  farther  into  the 
interior  absorb  the  evaporation  from  the 
land.  Hence,  the  farther  from  the  ocean  the 
greater  is  the  proportion  wliich  evaporation 
from  the  land  forms  of  the  air  moisture. 
In  fact,  at  certain  distances  inland  practi- 
cally all  the  moisture  of  the  air,  or  at  least 
as  great  a  part  as  that  formed  originally  by 
the  water  evaporated  direct  from  the  ocean, 
must  consist  of  that  obtained  by  evaporation 
from  the  land. 

Annual  Run-off:  Since  run-off  is  the  residual 
from  precipitation  after  the  demands  of  evap- 
oration and  transpiration  have  been  met,  it  is 
subject  first  of  all  to  the  various  factors  affect- 
ing the  amount  and  distribution  of  precipita- 
tion. In  addition  it  is  affected  by  character  of 
soil,  topography,  ground,  and  surface  storage. 
The  annual  run-off  in  streams  and  rivers  rep- 
resented  as   equivalent  inches   depth    on  the 


Precipitation  and 
Run-off  in  the 
Mississippi 
Valley 


107 


Prccipitalionand  MAP  OF  UNITED  STATES.  SHOWING   ANNUAL  RUN-OFF   IN   DEPTH    IN   INCHES 
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■drainage  area  is  rouglily  shown  by  the  lines  on 
Figure  8.  Such  a  map  cannot  show  the  numer- 
ous hirge  variations  in  annual  run-off  whicli 
occur  locally  and  which  are  due  to  the  various 
influences  just  described.' 

For  the  Great  Plains  region,  having  rainfall 
from  10  to  15  inches,  the  average  run-off  is 
onlj^  about  tlu-ee  inches  or  from  one-third  to 
one-fifth  of  the  rainfall.  In  many  parts  of 
this  region  the  run-off  is  materially  less  than 
three  inches,  often  becoming  less  than  one  inch. 

Passing  east  with  increasing  rainfall,  there 
is  naturally  an  increase  in  run-off.  This 
averages  from  10  to  20  inches  and  increases  to 
a  maximum  of  40  inches  in  the  small  area  in 
the  Blue  Ridge  Mountains  in  Western  North 
Carolina  where  there  is  the  highest  rainfall. 
Run-oft'  east  of  the  Mississippi  will  average 
generally  35  percent  to  45  percent  of  the  rainfall. 

Seasonal  Run-ojf:  The  total  run-off  during 
the  year  is  of  little  unportance  to  most  luunan 
activities  as  compared  with  the  manner  in 
which  it  is  distributed  throughout  the  year. 
On  some  small  drainage  areas  in  arid  regions 
nearly  the  entire  annual  run-off  occurs  as  the 
result  of  a  few  heavy  rainfalls,  the  streams  be- 
coming nearly  or  quite  dry  for  much  of  the 
year.  Over  considerable  portions  of  the  Great 
Plains,  as  indicated  by  the  precipitation  dia- 
grams on  Figure  6,  over  50  percent  of  the  pre- 
cipitation occurs  during  the  four  months  Ajiril 
to  July.  This  is  reflected  by  a  smiliar  pro- 
nounced seasonal  distribution  of  run-off. 

The  seasonal  distribution  of  run-oft'  in  other 
regions  of  the  Mississippi  Valley  follows  more 
or  less  the  distribution  of  ramfall.  However, 
there  is  no  simple  relationship  between  either 
the  seasonal  distribution  or  amount  of  rainfall 
and  the  resulting  run-oft".  A  comprehensive 
study  of  such  relationships  as  can  be  shown  to 
exist,  and  the  idiosyncrasies  of  different  parts 
of  the  Mississippi  Basin  in  this  respect,  is  being 
made  in  collaboration  with  the  U.S.G.S. 

On  Figure  9  are  shown  the  hydrograj)hs 
(graphs  of  daily  flow)  of  a  few  typical  streams 
in  the  Mississippi  Valley.  The  distinctly  sea- 
sonalcharacterof  the  rim-ott'  from  many  streams 
west  of  the  Mississippi  River  and  in  the  Great 
Plains  region  is  well  illustrated  by  Figure  9a. 
The  need  for  storage  to  equalize  the  flow  is 
apparent.  Figure  9b  indicates  a  different  dis- 
tribution of  flow  in  a  region  not  very  distant 
from  that  indicated  on  Figure  9a.  In  Figure 
9c  is  shown  a  marked  seasonal  distribution  of 
flow  from  a  highly  glaciated  area  where,  for 

'  Issued  in  1908  by  the  U.S.G.S..  this  map  will  be  superseded  by  one 
prepared  by  the  Water  Resources  Section  of  the  National  Resources 
Hoard  and  will  appear  in  the  Board's  report. 


most  of  the  year,  it  is  due  to  discharge  from 
ground  water  storage,  the  variations  in  height 
of  the  ground  water  table  being  shown  by  the 
dashed  line.  Figure  9d  shows  a  typical  Ten- 
nessee Valley  stream  in  a  dry  and  in  a  wet  year. 
The  flashy  character  of  the  discharge  is  evident, 
showing  need  in  this  region  for  regulation  by 
storage  for  a  somewhat  difl'erent  reason  than  on 
streams  illustrated  by  Figure  9a. 

Floods  in  the  Mississippi  Valley 

Floods  are  a  normal  event  in  most  rivers  iind 
occur  each  year  at  about  the  same  time.  The 
annual  Spring  flood  is  looked  to  by  agricultural 
interests  and  those  concerned  with  water  supply 
water  power,  and  irrigation  developments  as  a 
source  of  needed  water  to  be  stored  by  the 
ground  or  in  surface  reservoirs  for  beneficial 
use.  Over  the  greater  part  of  the  Mississippi 
VaUey  the  normal  Spring  rise  of  the  rivers  takes 
place  in  March  or  April. 

Great  Floods:  Wlicn  the  rainfall  has  been  of 
long  duration,  of  much  greater  quantity  than 
normal,  of  wide  distribution;  and  when  it  falls 
on  ground  already  filled  with  water,  or  frozen, 
the  stage  is  set  for  a  great  and  probably  de- 
structive flood.  In  general,  the  larger  the 
drainage  area,  the  less  the  flood  discharge  per 
unit  of  the  total  area.  That  is,  the  discharge 
at  New  Orleans  for  instance,  even  in  the  great- 
est flood  is  less  in  terms  of  cubic  feet  per  second 
per  square  mile  of  tributary  drainage  area  than 
in  manj'  floods  occurring  fairly  frequently  on 
tributaries,  such  as  the  Illinois  River.  How- 
ever, the  causes  producing  great  floods  on  a 
large  area  are  likely  to  be  present  in  conjimction 
less  frequently  than  on  small  areas.  In  con- 
sequence of  the  enormous  volume  of  water  to 
be  disposed  of  in  a  great  flood  on  a  large  stream 
and  the  relative  infrequency  of  occurrence, 
adequate  protection  against  such  floods  is  likely 
to  be  absent,  so  that  when  they  do  occur  the 
damage  is  often  very  great  over  unexpectedly 
large  areas. 

Droughts  in  the  Valley 

Great  floods  are  often,  perhaps  usually, 
relatively  local  phenomena.  Great  droughts 
always  have  a  large  regional  aspect,  being 
affected  by  major  (though  temporary)  changes 
in  the  atmospheric  circulation  over  wide  areas 
of  land  and  sea.  Floods  occur,  produce 
damage,  and  are  quickly  gone.  They  may 
always  be  controlled  by  men  if  there  is  sufficient 
justification  for  the  expenditure  involved. 
Droughts  come  on  insidiously,  last  a  long  time, 
and  may  aft'ect  agriculture  and  other  human 
activities  for  years  after  normal  rainfall  returns. 
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DEVELOPMENT    AND    INTENSITY     OF  1930    AND    1934     DROUGHTS 
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Man  has  thus  far  hecn  unable  to  control  climate 
over  a  sufficiently  large  area  adequately  to 
mitigate  the  effects  of  severe  droughts. 

The  Mississippi  Valley,  being  a  great  interior 
basin,  is  particularh'  susceptible  to  the  causes 
that  produce  great  drouglit.  The  western 
portion  of  the  Valley,  shut  off  by  mountain 
ranges  from  moisture-bearing  winds  from  the 
Pacific,  devoted  in  large  part  to  important 
agricultural  pursuits  for  which  the  normal 
rainfall  is  barely  adequate,  constitutes  a  na- 
tional problem  in  the  management  of  water 
resources  which  is  dramatically  presented  to 
the  public  attention  l)y  the  effects  of  the  severe 
drought  recently  in  progress. 

Droughts  are  caused  by  prolonged  deficiencies 
in  normal  rainfall,  often  extending  over  several 
yeai-s,  so  that  the  cumulative  effect  of  lowered 
ground  water  levels  is  superunposed  upon 
seasonal  rainfall  inadequacy.  The  long-period 
rainfall  records  at  St.  Paul,  Minn.,  and  at  Mari- 
etta, Ohio,  shown  on  Figure  .5  clearly  indicate 
severe  drought  conditions  recurring  at  intervals 
of  from  30  to  40  years,  and  also  that  generally 
droughts  in  Minnesota  are  not  synchronized 
with  droughts  in  Ohio. 

As  time  goes  on  larger  areas  have  been 
brought  under  cultivation,  and   the  effects  of 


tlrouglits  become  more  wide-spread.  Thus  the 
1930  drought  was  generally  regarded  as  of 
nearh'  unequaled  severity,  and  not  likely  to 
be  again  experienced  for  many  yeai-s.  Now, 
less  than  four  years  after  this  occuned,  much  of 
the  same  territory  is  experiencing  a  still  more 
severe  lack  of  water.  Actually  the  deficiencies 
in  grovmd  water  have  never  been  replenished 
since  1930,  and  rainfall  deficiencies  recurring, 
the  present  drought  is  the  result  of  cumulative 
conditions  which  have  been  going  on  for  some 
years. 

The  differences  between  the  1930  and  1934 
droughts  are  strikingly  showTi  by  Figures  10a 
and  10b.  The  1934  drought  began  under  the 
influence  of  unusually  low  Winter  and  Spring 
precipitation  in  many  of  the  states  west  of  the 
Mississippi  and  extending  east  over  the  central 
lowland  region.  Reference  has  already  been 
made  to  the  seasonal  character  of  the  precipita- 
tion in  these  parts  of  the  Mississippi  in  the  dis- 
cussion of  Figure  8.  Tlie  greatest  deficiency 
in  precipitation  came  during  those  months  when 
it  is  normally  highest  and  most  needed  for 
ground  water  replenishment  and  crop  produc- 
tion. In  1934  there  was  experienced  at  mam- 
points  the  least  precipitation  and  the  lowest 
river  stages  ever  recorded. 


Precipitation  and 
Run-off  in  the 
Mississippi 
Valley 


111 


GROUND  WATER  AND  THE  WATER  TABLE 
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Importance 

Subsurface  water  plays  an  essential  role  in 
the  water  supply  of  the  Mississippi  River 
Basin.  Agricultural  activities,  rural  develop- 
ment, and  especially  in  times  of  drought  the 
flow  of  surface  streams  are  dependent  on  sub- 
surface water.  Outside  of  the  larger  cities, 
probably  95  percent  of  the  people  of  the  Mis- 
sissippi River  basin  depend  on  subsurface 
water  for  domestic  and  stock  watering  pur- 
poses. Subsurface  water  supphes  soil  moisture 
to  crops,  several  inches  of  water  annually  being 
required  for  plant  growth.  The  depth  and 
amount  of  subsurface  water  available  in  this 
region  is  of  the  utmost  importance  to  its  in- 
habitants. 

There  are  great  variations  in  the  position  of 
the  ground  water  level  '  beneath  the  surface  of 
the  earth.  Cycles  or  irregidar  periods  in 
amount  of  rainfall,  periods  of  excessive  rain- 
fall, and  periods  of  drought  cause  the  larger 
fluctuations.  These  are  not,  however,  per- 
manently progressive.  A  progressive  decrease 
in  ground  water  level  has  been  taking  place  in 
parts  of  the  Mississippi  River  Basin,  particu- 
larly in  the  Middlewest  and  the  near  North- 
west. This  has  manifested  itself  in  the  dis- 
appearance of  surface  waters  and  in  the  need 
for  deeper  wells.  On  the  other  hand,  in  the 
more  humid  portions  of  the  Basin  there  is  at 
hand  no  conclusive  evidence  of  a  permanent 
measurable  decrease  in  the  ground  water 
supply.  A  study  now  in  progress  may  give 
more  conclusive  evidence  on  this  point. 
Changes  in  the  Humid  Regions 

Stream  flow  is  maintained  during  drought 
periods  by  ground-water  discharge.  The 
amount  of  ground-water  discharge  decreases  if 
the  ground-water  level  increases  in  depth.  If 
severe  droughts  of  equal  intensity  have  oc- 
curred many  years  apart  and  at  the  same  season 
of  the  year,  the  minimum  ground-water  flow 
would  be  less  and  the  rate  of  decline  of  the 
stream  flow  greater  in  successively  later 
droughts,   if   there   had   been   a    considerable 

I  DEnxmoss.— Zi)«  <^  S^iir<<aoiL'  The  permeabte  rocks  beJow  3 
certain  level  are  generally  satorated  with  water.  Thee  sanuated  rocks 
constitnte  the  "lone  of  saturatioii." 

Gnmmd  TTta:  The  sahsujfaee  water  in  the  zoi 
"groand  water.'"    It  supplies  springs  and  wells. 

Gmmi  WtUr  Ttbte:  The  upper  soifaoe  of  the  zone  of  : 
permeable  ro<±  or  soQ  is  called  the  "ground  water  ttble."    When  the 
upper  surface  is  formed  by  impermeable  mA.  the  water  taUe  is  absent. 

Onmad  Wtta  LatL  Ground  water  level  is  a  les  technical  synonym 


lowering  of  the  water  table  during  the  inter- 
vening periods. 

A  comparison  was  made  of  the  precipitation 
and  the  stream  flow  on  certain  drainage  areas 
of  the  Mississippi  VaUey  during  drought 
periods  which  throws  some  hght  on  changes 
that  may  have  occurred  in  the  water  table 
level  and  ground-water  conditions  during  the 
period  of  time  covered  by  such  records.- 
Only  those  rivers  were  used  for  this  comparison 
which  are  free  from  material  diversion  and 
regulation. 

Such  data  are  available  for  the  following 
rivers 

Iowa Skunk  River,  Des  Moines  River. 

Wisconsin Black  River,  Rock  River. 

Indiana East  Fork  of  White  River. 

West  Virginia Kanawha  River. 

Kentucky Kentucky  River. 

Ohio Miami  River. 

Tennessee Hoist  on  River. 

Comparing  the  severe  drought  of  1930-31 
with  earher  droughts,  the  Skunk  River  and 
Des  Moines  River  show  a  relative  decrease  in 
run-off  in  the  1930-31  drought.  The  Black 
River  and  Rock  River  show  practicaUy  no 
change.  The  rivers  east  of  the  Mississippi 
River  show  no  relative  decrease  in  run-off  in 
the  1930-31  drought,  but  actually  show  a 
lower  deficiency  in  rim-off  in  the  1930-31 
drought  than  in  the  earher  droughts.  With 
the  exception  of  the  Iowa  rivers,  therefore,  the 
stream  nm-offs  in  drought  periods  in  the  more 
humid  portions  of  the  Mississippi  River  Basin 
give  no  e\-idence  of  lowering  of  the  water  level 
or  of  a  decrease  in  ground  water  supply.  The 
Iowa  rivers  are  dependent  on  the  portion  of 
the  Basin  for  which  there  is  evidence  of  lower- 
ing of  the  water  table.  In  the  other  cases  if 
any  lowering  has  taken  place  in  the  vaUeys,  it 
is  to  be  measured  in  inches.  On  the  higher 
slopes,  locaUy,  there  may  have  been  greater 
lowering. 

A  more  direct  method  of  determining 
changes  in  groimd  water  level  is  by  a  com- 
parison of  water  level  in  wells  over  a  long 
period  of  time.  But  no  systematic  study  of 
water  level  in  weUs  in  the  more  humid  por- 
tions of  the  Basin  has  been  made.  Conclu- 
sions based  on  generalized  impressions  seem  to 
indicate  that  there  has  been  some  lowering, 
but  the  amoimt  of  change,  if  any,  is  unknown. 
False  impressions  of  depletion  may  be  gained 
by  the  necessity  of  deepening  weUs  in  periods 
of    drought,    by    increased    needs    for    water 

1  Detailed  reports  such  as  Report  PW  U9ii5  covering  investigations  of 
ground  water  and  water  table  levels  in  the  Mississippi  River  Valley  are 
in  the  files  of  the  Mississippi  Valley  Committee. 


requiring  additional  and  deeper  wells,  and  by 
leakage  from  casings  and  clogging  of  intakes 
of  old  wells. 
Changes  in  the  Arid  and  Semiarid  Regions 

In  the  more  arid  portions  of  the  Mississippi 
Basin  reliable  evidence  of  changes  in  water 
level  and  depletion  of  ground  water  cannot 
be  obtained  from  records  of  stream  flow  in 
periods  of  drought,  because  these  rivers  are 
subject  to  too  much  diversion  and  regulation. 
Records  of  changes  in  level  of  water  in  wells 
must  be  depended  upon  for  tangible  and  meas- 
urable evidence  of  changes  in  the  ground 
water  level.  Such  evidence  was  compiled  for 
the  Red  River  and  Middle  Missouri  River 
Basin,  embracing  North  Dakota,  eastern  South 
Dakota,  Nebraska,  Kansas,  and  western  Minne- 
sota, western  Iowa,  and  western  Missouri. 

The  most  accurate  method  of  obtaining 
knowledge  of  the  fluctuations  of  ground  water 
level  is  through  observations  on  test  wells 
over  a  long  period  of  years.  Because  this 
method  was  not  feasible  for  the  present  report, 
detailed  C[uestionnaires  were  sent  out  to  4,683 
well  drillers  for  basic  information  regarding 
changes  in  ground  water  levels  since  the  settle- 
ment of  the  region.  Their  replies  furnished 
definite  evidence  of  lowered  ground  water 
level  and  of  the  amount  of  lowering.^ 

Usable  replies  were  received  from  1,482 
drillers,  or  31.6  percent.  The  questionnaires 
included  "well  driller's  report"  and  "well 
record  "  sheets.  The  well  driller's  report  sheets 
comprised  15  major  questions:  the  length  of 
experience  of  the  driller;  details  as  to  (o) 
shallow  water  wells,  (6)  second  horizon  water 
wells,  (c)  third  horizon  water  wells,  and  (d) 
deeper  horizon  waters;  general  changes  in 
ground-water  conditions  (a)  based  on  drillers' 
experience  and  (6)  based  on  tradition  since 
earliest  settlement;  and  changes  in  flow  of 
springs,  ponds,  and  streams.  The  wefl  record 
sheets  comprised  18  questions;  the  location  of 
individual  wells;  their  position;  character  of 
aquifer;  water  level  and  changes  in  level;  and 
yield  and  changes  in  yield.  The  rephes  were 
tabulated  by  counties  on  "county  data  sheets. " 

P'rom  the  data  it  is  evident  that  the  northern 
(North  and  South  Dakota  and  Minnesota)  and 
North  Central  (Nebraska  and  Iowa)  states 
show  changes  in  ground-water  level  of  more 
than  10  feet  and  that  the  South  Central  group 
(Kansas  and  Missouri)  show  a  predominance  of 
changes  of  less  than  10  feet.  The  Tri-State 
Zinc  Mining  District  in  southwestern  Missouri 
and  southeastern  Kansas  shows  greater  change 


due  to  excessive  drainage  through  mining 
operations.  The  data  tend  to  show  greater 
changes  in  level  in  the  west  than  in  the  east. 
Considered  as  significant  in  the  data  com- 
piled is  the  mean  change  in  head  by  counties. 
The  county  range  by  states  of  the  mean  de- 
crease in  head  and  the  range  in  time  over 
which  they  took  place  are: 
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State 

Range  of  county 
averages 

Years 

Lowering 

of  head  in 

feet 

North  Dakota.. - 
South  Dakota 

10-25 

12-i3 
16-36 
7-39 
10-J4 

n-30 

6-34 
0-70 

Minnesota 

5-24 

Iowa 

0-21 

2^13 

Ground  Water  Summaries 

Xorth  Dakota:  The  amount  of  change  in 
ground  water  from  east  to  west  is  marked. 
Large  areas  in  the  western  part  of  the  state 
have  a  decrease  of  more  than  20  feet. 

Min7iesota:  Shows  a  change  of  from  10  to 
20  feet.  Only  two  large  areas  show  changes 
of  less  than  10  feet — the  morainal  lake  dis- 
trict in  Stern,  Todd,  and  Wadina  counties; 
and  the  area  of  Dakota  sandstone  outcrop  in 
Nobles,  Murray,  Lyon,  Lincoln,  and  Lac  qui 
Parle  counties.  The  15-foot  contour  of  de- 
jiression  follows  the  boundary  between  the 
morainal  lake  region  in  which  the  depression 
is  between  10  feet  and  15  feet,  and  the  Red 
River  Valley  in  wliich  the  depression  is  15 
feet  to  20  feet.  An  area  of  more  than  20 
feet  depression  lies  along  the  divide  between 
the  Red  River  basin  and  the  Minnesota 
River  basin. 

South  Dakota:  The  changes  in  level  are 
very  irregular  and  range  from  less  than  10 
feet  to  more  than  35  feet. 

Xebraska:  The  changes  are  variable  and 
range  from  less  than  10  feet  to  more  than  20 
feet,  but  there  are  none  of  more  than  30  feet. 

Iowa:  Shows  a  fairly  uniform  drop  through- 
out the  state.  Tlie  area  of  less  than  10  feet 
drop  is  about  the  same  as  tlie  area  of  more 
than  10  feet  drop.  Along  the  divide  be- 
the  Mississippi  and  Missouri  rivers  is  a 
drop  of  from  more  than  20  feet  to  a  maximum 
of  more  than  30  feet. 

Missouri  and  Kansas:  Generally  show 
changes  of  less  than  10  feet.  Small  areas 
showing  more  than  10  feet  are  due  to  ex- 
ceptional local  causes. 
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Surface  Water  Summaries 

Xoiih  Dakota:  Spring"?  are  generally  weak- 
ened and  in  most  counties  dry.  Ponds  are 
completely  dry.  Lakes  show  a  lowering  of 
2  to  11  feet  and  are  mostly  nearly  dry. 
Streams  are  mostly  dry.  Rivers  are  dry  or 
very  low.  Even  soiiie  of  the  larger  rivers 
have  flow  only  in  spring. 

South  Dakota:  Springs  are  weakened  or 
completely  diy.  Ponds  are  dry.  Lakes 
show  average  lowering  of  more  than  9  feet. 
Streams  are  nearly  all  dry.  Rivers  show 
average  lowering  of  6  feet  and  some  are  dry. 

Minnesota:  Only  the  strongest  springs  are 
flowing.  Ponds  are  dry  except  in  lake  dis- 
trict. Lakes  show  average  lowering  of  7  feet. 
Most  streams  are  dry.  Rivers  have  de- 
creased more  than  6  feet  in  level. 

Nebraska:  Decided  reduction  in  flow  of 
springs  and  some  dry.  Ponds  mostly  dry. 
Lakes  lowered  7  feet  and  some  dry.  Streams 
nearly  ah  dry.  Rivers'  average  lo»vered  5 
feet. 

Iowa:  Springs  weakened  and  many  dry 
Nearly  all  ponds  dry.  Lakes  average  6 
feet  lower  than  normal.  Streams  are  5  feet 
lower  or  dry  and  rivers  6  feet  lower. 

Kansas:  Springs  weakened  considerably 
and  some  have  only  seasonal  flow.  Ponds 
are  mostly  dry.  Lakes  are  nearly  all  dry. 
Streams  have  little  or  no  seasonal  flow. 
Rivers  lowest  in  history,  averaging  5  feet 
drop. 

Missouri:  Some  springs  show  no  change, 
but  generally  are  weaker  and  some  djy. 
Ponds  mostly  dry  but  mainly  due  to  drain- 
age. Lakes  are  generally  lower.  Streams 
are  nearly  dry.  Rivers  lowest  in  history, 
averaging  5  feet  drop. 
Artesian  Summary 

Artesian  water  conditions  are  such  that 
flowing  wells  occur  only  in  a  limited  number 
of  the  counties,  chiefly  in  South  Dakota  and 
North  Dakota.     A  summary  follows. 

North  Dakota:  The  Dakota  artesian  basin 
shared  with  South  Dakota  and  in  part  with 
Minnesota  and  Nebraska  is  one  of  the  most 
important  in  the  world.  Due  to  careless 
drilling  and  finishing  of  wells,  to  unlimited 
waste  of  water,  and  to  failure  to  control  old 
wells,  wild  wells,  and  leakes,  the  pressure 
and  supply  of  this  basin  has  been  rapidly 
depleted.  Wells  have  ceased  to  flow  over 
large  areas.  Unless  this  waste  is  checked, 
most  of  the  area  will  cease  to  yield  flowing 
water.     The  danger  was  recognized  by  the 


North  Dakota  legislature  in  1921  in  the 
passage  of  an  artesian  water  conservation 
law.  Its  enforcement  has  already  greatly 
reduced  waste,  checked  decline  in  pressure, 
and  kept  wells  flowing  that  otherwise  would 
have  since  failed.  This  is  the  only  state  in 
wliich  serious  attempt  has  been  made  in 
artesian  water  conservation.  The  decrease 
in  head  in  North  Dakota  during  the  past  18 
years  has  been  18  feet,  or  one  foot  per  year. 

South  Dakota:  South  Dakota  presents  the 
largest  decrease  in  head  of  artesian  waters. 
In  20  years  the  decrease  has  been  at  least  40 
feet. 

Minnesota:  Most  of  the  flowing  wells  are 
in  glacial  sands  and  gravels.  Their  head 
has  decreased  4  feet  in  20  years.  Artesian 
wells  in  the  Dakota  basin  are  few  in  number. 
Their  loss  in  head  is  much  greater,  but  reports 
in  feet  are  insufficient  for  a  useful  estimate. 

Nebraska:  Few  counties  in  Nebraska  re- 
port flowing  wells.  Most  of  them  are  in  the 
Dakota  basin  in  the  northeastern  portion  of 
the  state.  A  general  decrease  is  shown  in 
24  years  but  not  as  marked  as  in  South 
Dakota. 

Iowa:  A  few  flowing  wells  are  reported  in 
western  Iowa.  They  are  shallow  and  draw 
their  supply  from  glacial  drift  or  the  Dakota 
sandstone  immediately  imder  it.  They  are 
in  narrow  deep  valleys  and  show  little  change 
in  22  years. 

Kansas:  Considerable  decrease  in  head  is 
reported  in  shallow  wells  and  little  decrease 
in  deeper  wells. 

Missouri:  Very  few  artesian  flows  are  re- 
ported.    In  a  few  localities  they  show  de- 
crease in  head,  others  show  no  change. 
Conclusions  to  be  drawn  from  available  data 
indicate  that: 

1.  There  has  been  a  universal  lowering  of 
groimd-water  levels  throughout  the  entire  area 
during  the  entire  period  of  settlement,  varying 
on  the  average  in  different  states  from  8  to 
17  feet. 

2.  The  decrease  was  small  early  in  the  period, 
was  greater  during  the  twenty  years'  experience 
of  the  present  well  drillers,  still  greater  in  the 
past  ten  years,  and  greatest  in  the  past  five 
years. 

3.  The  greatest  decrease  in  ground- water 
levels  occurred  in  the  northern  and  western 
states,  and  the  least  in  the  southern  and 
eastern. 

4.  The  evidence  of  decreased  ground-water 
level  in  wells  is  corroborated  by  the  decrease 
in  flow  and  drying  up  of  streams  and  springs 


and  by  the  lowering  of  levels  and  drying  up  of 

lakes  and  ponds. 

Causes  and  Prevention  of  Change 

The  supply  of  ground  water  depends  on 
amount  of  rainfall,  the  percentage  of  rainfall 
that  enters  the  zone  of  saturation,  and  the 
amount  that  is  withdrawn  from  the  zone. 
Under  a  balanced  set  of  conditions  witli- 
drawal  equals  intake  and  a  stable  water  level 
is  established.  That  level  will  be  lowered  if 
there  be  a  permanent  decrease  in  rainfall,  if 
there  be  a  change  in  surface  conditions  that 
results  in  a  smaller  percentage  of  the  rainfall 
percolating  into  the  soil  and  penetrating  to  the 
level  of  ground  water,  or  if  there  be  with- 
drawals in  excess  of  the  inflow. 

With  the  spread  of  popidation  across  the 
Mississippi  Valley  Basin  there  has  been  an 
increasing  demand  upon  the  ground-water 
supply.  Without  realization  that  this  water 
supply  is  not  unlimited,  it  was  used  freely  and 
wastefully,  and  progressive  e.xhaustion  set  in. 
Recognition  of  this  on  the  part  of  North  Dakota 
has  led  to  a  decrease  in  the  rate  of  e.xhaustion. 
Similar  action  throughout  the  region  should 
yield  equally  beneficial  results  in  retarding 
the  lowering  of  the  water  level. 

The  settlement  of  the  Mississippi  Valley 
Basin  has  changed  the  character  of  the  terrane. 
Original  vegetation  has  been  replaced  over  large 
areas  by  planted  crops.  Vegetation  covering 
in  places  has  been  increased,  in  other  places 
decreased.  Cidtivation  has  changed  the  phys- 
ical character  of  the  soil,  increasing  infiltra- 
tion in  places,  decreasing  it  in  other  places. 
Changes  in  drainage  have  changed  the  per- 
centage of  rainfall  that  goes  as  run-off  and 
consequent!}'  changed  the  percentage  that  find 
its  way  into  the  zone  of  saturation.  Some  of 
these  factors  have  increased  and  some  have 
decreased  the  amount  of  water  that  goes  into 
the  zone  of  saturation.  There  is  considerable 
difference  of  opinion  not  only  with  respect  to 
the  quantitative  effect  of  these  factors  but  even 
as  to  the  direction  of  their  efl'ect,  that  is, 
whether  they  have  increased  or  decreased 
the  increments  to  the  ground-water  supply. 
Equally  divergent  are  the  opinions  concerning 
the  net  result  of  all  the  changes  in  the  region 
brought  about  by  its  settlement. 

The  water  table  will  be  lowered  if  infiltration 
has  been  decreased  or  if  transpiration  and 
evaporation  have  been  increased  through  change 
in  type  or  amount  of  vegetative  cover.  In- 
creasing vegetative  growth  where  the  soil 
surface  is  pervious  increases  the  demand  on 
soil  moisture  and  decreases  thereby  the  water 


available  for  recharge.  On  the  other  hand, 
where  the  soil  is  impervious,  increasing  vege- 
tation will  decrease  surface  run-off  and  may 
increase  ground  water.  WTiether  cultivation 
increases  or  decreases  infiltration  is  a  moot 
question.  It  works  one  \\ay  under  one  set  of 
conditions  and  the  opposite  imder  another  set. 

In  the  border  zone  between  the  arid  and 
lnunid  regions  groimd  water  conditions  are 
apparently  the  most  critical.  In  these  areas  the 
change  from  grass  to  crop  appear  to  have 
reduced  infiltration  and  increased  transpira- 
tion to  such  an  extent  as  to  diminish  the  supply 
of  water  available  to  maintain  the  water  table. 
It  seems  improbable  that  the  deepseated  sup- 
phes  have  been  nuitcrially  affected  by  man's 
occupancy  of  these  areas  because  their  sourc° 
is  precipitation  at  the  outcrops  of  the  aquifers 
which  are  in  other  areas. 

We  do  not  know  definitely,  and  probably 
never  will  know,  all  the  factors  involved  in  the 
hydrologic  cycle  of  rainfall  run-off',  infiltration, 
evaporation,  and  transpiration,  nor  the  effect 
of  man's  acti^'ities  on  these  relations.  Conclu- 
sions drawn  and  plans  jnade  on  the  basis  of  the 
meager  information  now  available  maj'  later 
prove  illogical  and  inappropriate. 

In  a  continental  area  as  vast  as  the  Alissis- 
sippi  Vallej'  Basin  some  precipitation  doubtless 
comes  frojn  inland  sources  rather  than  the 
ocean.  Increases  in  atmospheric  moisture 
through  evaporation  and  transpiration  should 
increase  precipitation.  Steps  to  bring  about 
such  a  condition  would  include  the  creation 
of  innumerable  ffood  water  reservoirs,  the 
cessation  of  drainage,  and  the  maintenance  of 
a  vegetative  growth  that  will  transpire  the 
maximum  amoimt  of  soil  moisture.  Such 
measures  nnght  increase  precipitation  in  the 
region,  but  there  is  still  no  assurance  the  pre- 
cipitation \nll  fall  where  most  needed  or  that  it 
would  augment  the  ground  water  supph'.  If 
such  measures  were  sound,  it  might  be  asked 
why  there  was  no  apparent  increase  in  precipi- 
tation following  the  conversion  of  20,000,000 
acres  of  desert  into  intensively  irrigated  land 
in  the  West. 

In  conclusion  it  may  be  accepted  with  confi- 
dence that  the  information  at  hand  is  so 
strongly  suggestive  of  recession  of  the  ground 
water  table  and  depletion  of  the  sub-surface 
water  resources  in  certain  areas  as  fully  to 
warrant  an  immediate  and  definitely  compre- 
hensive investigation  to  determine  the  critical 
facts  for  those  portions  of  the  basin  where  sub- 
surface water  resources  are  of  paramount  im- 
portance in  the  water  economy  of  the  region. 
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SOIL     EROSION 


The  Situation 

Soil  is  one  of  the  most  precious  of  the  coun- 
try's natural  resources.  Upon  its  protection 
and  wise  use  depend  not  only  the  ability  of  the 
nation  to  provide  food  and  otlier  essential  prod- 
ucts for  its  people  but  also  the  economic  stabil- 
ity of  a  large  part  of  the  population.  The  soil 
of  this  country  has  not  been  properly  protected, 
nor  has  it  been  wisely  used.  In  a  vast  area,  m 
the  aggregate,  land  is  progressively  being  un- 
paired for  agricultural  use  by  the  wearmg  and 
cuttmg  forces  of  water  and  wind. 

The  extent  of  damage  by  soil  erosion,  its 
disturbing  effect  on  stream  flow,  and  its  far- 
reaching  economic  and  social  consequences 
create  one  of  the  most  important  and  urgent 
problems  now  confronting  the  nation.  Tlie 
problem  is  urgent  because  erosive  processes 
that  are  depleting  soils  are  unceasing  and  re- 
lentless in  operation  and  efi'orts  to  apply 
measures  to  check  erosion  have  failed  to  reach 
more  than  a  small  part  of  the  productive  land 
that  is  in  process  of  economic  decline.  Accel- 
eration of  injury  of  soils  by  erosion  is  far  more 
rapid  than  gains  by  e.xtension  of  control  meas- 
ures. Each  year  there  is  a  large  net  loss,  a 
steady  undermining  of  the  physical  foundations 
of  a  pennanent  agricidture. 

It  is  estmiated  that  75  percent  of  the  tilled 
land  of  the  country  is  bemg  reduced  in  produc- 
tive value  by  erosion.  Estimates  mdicate  that 
a  large  portion  of  the  agricultural  land  in  the 
Mississippi  Basin  has  lost  from  three  to  six 
inches  of  the  top  soil,  and  that  on  no  less  than 
25  percent  of  tilled  lands  in  the  Basra  the  top 
soil  has  actually  been  stripped  to  the  subsoil. 
Gullying  of  laud  represents  an  advanced  stage 
of  surface  erosion  and  often  means  the  final  and 
permanent  ruin  of  land  for  cultivation.  Al- 
ready about  five  percent  of  land  in  the  Missis- 
sippi Basin  is  estimated  to  have  passed  into 
this  condition. 

The  causes  of  accelerated  and  dangerous  soil 
erosion  are  to  be  found  in  the  effort  to  cultivate 
steep  slopes,  in  failure  of  farmers  to  use  effec- 
tive measures  of  tillage  and,  where  necessary, 
of  terracing,  in  injury  by  forest  fires,  and  in 
abuse  of  land  by  overgrazing  of  livestock. 

Research  and  practical  experience  have 
demonstrated  that  soil  erosion,  such  as  is 
caused  by  human  activities,  can  be  controlled 
to  an  extent  that  will  make  possible  the  occu- 
pancy and  use  of  the  land  with  a  high  degree  of 
security  and  permanence.  Effective  measures 
of  control  are,  however,  now  in  actual  applica- 


tion on  less  than  one-sixth  of  the  tilled  land 
naturally  subject  to  erosion  in  the  Mississippi 
Basin.  Unless  vigorous  public  action  to  check 
soil  erosion  is  initiated  at  once,  on  a  scale  com- 
mensurate with  the  real  situation,  it  will  be  too 
late  to  save  vast  areas  of  our  most  productive 
land  from  pennanent  depletion. 
Action  of  Water 

Water  is  the  chief  agency  causing  erosion. 
Supplied  by  the  fall  of  rain  and  by  melting 
snow,  it  flows  rapidly  over  slopes  absorbing  in 
solution  a  large  amount  of  soluble  materials 
and  progressivelj'  moving  surface  particles  of 
soil.  Both  inorganic  and  organic  materials  are 
swept  into  the  streams.  The  coarser  material 
is  dropped  near  the  point  of  its  origin,  and  often, 
in  case  of  torrential  flows,  spread  over  valuable 
land.  The  more  finely  divided  particles  are 
carried  in  suspension  and  either  deposited  along 
the  banks  of  the  streams  or  in  the  channels,  or 
carried  to  sea. 

The  first  effect  of  surface  run-off  of  water  is 
to  impair  the  valuable  topsoil.  There  is  a 
leaching  out  of  the  plant  nutrients,  dissipation 
of  the  humus  and  other  organic  matter,  dis- 
appearance of  the  beneficial  bacteria  and  soil 
fauna,  a  break-down  of  the  porous  condition 
of  the  soil,  a  compacting  of  the  surface  that 
lessens  absorption  and  infiltration  of  water,  and 
finally  a  movement  of  the  upper  layers  of  the 
soil  itself.  Thus,  as  a  result  of  human  activities, 
water,  a  vitally  essential  substance  in  plant 
life,  becomes  an  agency  destroying  the  fertile 
portion  of  the  soil  that  has  required  upwards  of 
1,000  years  of  natural  processes  to  create. 
Types  of  Soil  Erosion 

The  first  manifestation  of  erosion  is  a  more 
or  less  uniform  wearing  down  of  the  soil, 
technically  called  sheet  erosion.  Often  it  is 
not  obvious  except  by  changes  in  color  of  the 
soil  or  by  the  lowering  of  productivity.  If 
preventive  measures  are  not  used,  the  surface 
flow  of  the  water  often  breaks  the  surface  and 
forms  minute  shallow  furrows  in  which  water 
tends  to  accumulate.  This  is  called  rill  erosion, 
fingering,  or  shoe-string  erosion.  Such  a  con- 
dition is,  however,  only  temporary.  With  ex- 
posiu-e  to  many  storms  the  tiny  channels  are 
deepened  and  widened  and  are  transformed 
into  gullies  which  increase  in  depth  and  width 
down  the  slope.  Gully  erosion  may  start,  on 
readily  erodible  land,  from  almost  any  depres- 
sion or  break  in  the  surface  of  the  soil,  as  for 
example,  a  plow  furrow  rimning  up  and  down 
the  slope,  a  drainage  ditch,  a  wagon  track, 
a  cattle  trail,  and  in  the  forest  a  wood  road, 
path  or  skidding  trail.  Such  gullies  are  often 
fifteen  to  twenty  feet  deep. 


In  some  soil  formations  there  is  a  caving  of 
the  banks  of  gullies  through  the  undermining 
influence  of  water,  forming  an  amphitheater 
type  of  gulh'.  The  banks  are  vertical  and  the 
surface  run-off  from  the  adjacent  land  flows 
into  the  gully  as  veritable  waterfalls,  accentuat- 
ing the  scouring  of  the  base  of  the  banks  and 
increasing  the  caving  process.  Sometimes 
these  caving  gullies  reach  a  depth  of  two 
hundred  feet  and  a  width  of  eight  hundred 
feet.  In  addition  to  the  foregoing  types  of 
erosion  there  is  so-called  stream  erofikm  where 
streams  and  rivers  scour  channels  in  tlie  flood 
plain  or  cut  the  banks. 
Conditions  .\ffecting  Water  Erosion 

BaiiifaU:  The  amount  of  water  which  falls 
on  the  soil  is  a  major  factor  in  erosion.  More 
important  is  the  character  and  seasonal  dis- 
tribution of  rainfall.  If  the  rainfall  is  well 
distributed  through  the  j^ear  and  is  largely  in 
the  form  of  gentle  rains,  there  is  far  less  soil 
erosion  then  when  the  storms  are  violent  and 
a  large  rjuantity  of  water  falls  on  the  ground 
in  a  short  period.  Rapid  melting  of  snow  is 
frequently  the  cause  of  excessive  erosion. 

Slope:  On  a  given  area  of  land  steepness  of 
slope  governs  velocity  and  the  erosive  power 
of  a  specified  volume  of  water  running  over  the 
surface  or  through  gully  channels.  The  erosive 
power  and  the  transporting  power  of  water 
vary  in  geometric  proportion  with  its  velocity. 
Steep  slopes  therefore  erode  more  readily  than 
gentle  slopes.  Erosion  increases  the  gradient 
and  hence  the  velocity  of  run-off,  and  causes 
an  ever-accelerating  rate  of  movement  of  soil. 

Character  and  Condition  of  the  Soil:  Erosive 
forces  act  differently  on  soils  of  different 
structure  and  te.xture.  Broadly  speaking,  the 
more  porous  the  soil  the  less  danger  of  erosion. 
The  admixture  of  humus  with  the  soil  particles 
is  effective  in  reducing  the  erodibility  of  soil. 
It  increases  and  maintains  the  porosity  of 
heavy  soils  and  acts  as  a  binder  of  soil  particles 
of  coarse  texture.  An  important  factor  in 
erosion,  also,  is  the  condition  of  the  soil  from 
the  standpoint  of  moisture  content,  exposure 
to  freezing  and  thawing  and  to  frost  heaving, 
and  character  of  tillage. 

Vegetative  Cover:  A  cover  of  forest  is  the  most 
effective  agency  in  controlling  soil  erosion.  A 
matting  of  fallen  leaves  and  other  material 
carpets  the  soil.  The  roots  of  the  trees  and 
other  plants  extend  into  the  soil  in  all  direc- 
tions seeking  moisture  and  nutrient  and  form 
an  intricate  network  that  holds  the  soil  in  a 
cohesive  mass.  The  forest  canopy  breaks  the 
force    of    the    falling    rain    which    reaches    the 


ground  with  only  light  impact.  The  stems  of 
trees  and  smaller  plants,  and  the  leaves,  dead 
branches,  and  other  debris  on  the  ground  act 
as  a  mechanical  check  to  the  surface  run-off, 
permitting  gradual  infiltration  of  water  into 
the  soil.  The  humus  from  the  decomposing 
fitter  develops  and  maintains  in  the  soil  a  high 
degree  of  porosity.  Under  such  conditions  soil 
erosion  is  at  a  minimum. 

Natural  associations  of  grass  and  other  harba- 
ceous  plants  in  open  prairies  develop  a  firm 
sod  with  interlacing  roots  and  serve  to  hold  the 
soil  in  place.  Here  too  the  dense  cover  of 
plant  stems  presents  a  check  to  surface  run-off, 
and  the  accumulating  humus  keeps  the  soil 
porous  for  water  absorption  and  penetration. 
In  the  semi-arid  regions  vegetation  is  more 
sparse  than  on  long-grass  prairies  and  in  forest 
regions.  The  tufts  of  plants,  weeds,  and  drj'- 
land  shrubs  are  frcciuentlj-  interspersed  with 
bare  soil.  Under  such  conditions  the  soil  is 
especiallj^  exposed  to  erosion  when  the  rains 
fall.  Abuse  of  western  ranges  by  overgrazing 
has  already  greatly  reduced  the  vegetative 
cover,  compacted  the  soil,  and  caused  acceler- 
ated erosion  on  a  large  scale. 

Crop  Cover:  There  is  a  great  variation  in  the 
effect  of  different  crops  on  the  extent  of  erosion 
under  given  conditions  of  topography  and 
character  of  soil.  The  rate  of  erosion  is 
greatest  with  open-grown  crops  like  corn, 
cotton,  and  tobacco,  is  much  less  under  rota- 
tions of  open-  and  close-grown  crops,  and  least 
with  sod-forming  crops  like  alfalfa.  Tliis  is 
well  illustrated  by  experiments  at  the  Missouri 
Agricultural  Experiment  Station  during  1917 
to  1923  on  Shelby-  loam  soil,  with  a  slope  of  .3.7 
percent.  The  rate  of  movement  of  soil  was: 
from  bare  land,  34.8  tons  per  acre  annually; 
land  in  continuous  corn,  17.7  tons;  continuous 
wheat,  6.6  tons;  rotation  of  crops — corn,  wheat 
and  clover,  2.8  tons;  and  sod-grass,  0.29  tons. 

The  foregoing  principles  form  the  basis  for 
skillful  use  of  crops  in  control  of  erosion. 
Wind  Erosion 

The  action  of  the  wind  as  an  agency  in 
erosion  is  most  evident  in  arid  regions  \\here 
extensive  areas  of  soil  are  bare  or  only  sparsely 
covered  with  vegetation.  Wind  erosion  is  a 
very  serious  factor  today  in  the  dry  and  wind- 
swept portions  of  the  Mississippi  Valley.  Vast 
areas  of  land  formerly  protected  by  a  cover  of 
grass  and  other  types  of  vegetation  have  been 
tilled  or  heavily  pastured.  Wind  erosion  is 
always  most  severe  during  prolonged  periods  of 
drought,  such  as  that  characterizing  portions  of 
the  central  ^^est  durmg  the  past  few  years. 
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t)ii  extensive  areas  the  soil  became  th()rou<?liiy 
dried  out  and  tiie  pulverized  toj)  soil  rendered 
peculiarly  susceptible  to  movement  by  the 
wind.  The  soil  in  many  places  drifted  like 
snow,  piling  up  against  fences  and  other  sur- 
face obstructions  and  filling  roadside  ditches. 
The  finer  particles  were  carried  into  the  air, 
some  of  the  material  being  deposited  at  various 
points  in  nearby  sections  and  other  portions 
blown  hundreds  of  miles  away. 

The  spectacular  dust  storm  of  May  11,  1934, 
followed  very  severe  and  drying  winds  hi  the 
West;  carrying  fine  soil  particles  over  the 
Atlantic  States  for  distances  of  1,500  miles  and 
noticeable  over  an  area  of  1,000  miles  in  width, 
extending  from  North  to  vSouth.  For  the  most 
part  the  material  transported  by  the  wind  was 
derived  from  the  topsoil  of  fields  and  pastures 
now  in  use.  In  many  sections  that  have  been 
m  cultivation  for  only  8  to  12  years,  the  rich 
topsoil  has  already  been  largelj^  lost  as  a 
result  of  wind  erosion. 
Consequences  of  Erosion 

It  is  impossible  with  our  jDresent  knowledge 
to  measure  in  full  the  consequences  to  the 
nation  of  erosion  which  is  now  taking  place. 
In  the  foUowmg  paragraphs  there  are  indicated 
some  of  the  features  of  loss. 

Injury  to  Land:  The  progressive  washing 
awa}-  of  the  top  soil  from  the  best  farm  lands 
of  the  country  represents  altogether  the  most 
serious  aspect  of  erosion.  The  top  soil,  which 
on  many  acres  averages  only  seven  to  eight 
inches  in  depth,  may  be  worn  away  in  from 
twenty-five  to  fifty  years.  This  is  a  small 
period  in  the  hfe  of  a  nation.  H.  H.  Bennett, 
Director  of  the  U.S.  Soil  Erosion  Ser%-ice,  esti- 
mates that  already  125,000,000  acres  of  land 
now  imder  cultivation  have  lost  all  or  most  of 
the  productive  surface  soil  by  sheet  erosion. 
The  loss  of  plant  nutrients  by  erosion  also 
reaches  staggering  figures.  The  final  destruc- 
tion of  land  for  agriculture  is  accomphshed  by 
the  deep  cutting  of  fields  by  gully  erosion. 
This  form  of  erosion  has  been  a  chief  factor, 
according  to  Bemiett,  in  the  \'irtual  ruin  of 
about  35,000,000  acres  of  formerly  tilled  lands 
in  the  United  States.  Though  the  loss  by 
gully  erosion  is  verj^  great,  the  injury  to  agri- 
culture is  far  less  than  that  caused  by  sheet 
erosion. 

Increased  Run-ojf:  Laud  abuse  results  in 
lessening  the  factors  which  retard  the  run-oft'  of 
water  from  slopes.  Sheet  erosion  reduces  the 
power  of  the  soil  for  absorption  and  infiltration 
of  water  and  thereby  increases  nm-ofi'.  Where 
gulUes  are  formed  the  surface  water  is  carried 


off  in  channels  which  at  their  heads  have  a 
gradient  steeper  than  the  general  land  slope, 
aiul  the  gullies  also  drain  the  imderground 
water  from  the  fields  through  which  they  have 
cut.  Ero.sion  thus  tends  to  modify  natural 
drainage  conditions.  It  increases  the  volume 
and  velocity  of  run-oft"  and  is  often  an  impor- 
tant factor  in  the  severity  of  torrents  and 
floods.  An  increase  of  run-off  caused  by  soil 
erosion  is  followed  by  a  rediiction  in  the  pro- 
portion of  the  rainfall  which  seeps  into  the  soil 
and  reaches  streams  by  underground  channels. 
This  is  reflected  in  lowered  dry -weather  flow  of 
streams  and  rivers. 

Siltation:  One  of  the  most  serious  conse- 
cpiences  of  erosion  is  the  loading  of  streams  with 
silt.  A  portion  of  this  silt  load  is  derived  from 
the  cutting  of  banks.  The  major  portion,  how- 
ever, comes  from  sheet  and  gully  erosion  on  the 
land.  It  is  estimated  that  each  year  fully  1.5 
billion  tons  of  soil  are  iuoved  frojn  the  culti- 
vated fields  of  the  country,  a  considerable  por- 
tion of  which  reaches  the  streams  and  larger 
rivers.  It  is  in  large  part  the  product  of  erosion 
on  the  land  that  forms  the  bars  and  other  chan- 
nel deposits  and  furnishes  the  silt  that  progres- 
sively fills  many  reservoirs,  irrigation  canals, 
and  other  water  channels. 

Social-economic  consequences:  Soil  erosion  has 
a  far-reaching  influence  on  community  life, 
industrial  development,  and  stability  of  popula- 
tion. The  prosperity  of  rural  communities 
depends  on  maintenance  of  the  productive 
qualities  of  the  land.  Soil  whose  fertility  has 
been  reduced  merely  by  the  drain  on  natural 
plant  food  can  be  rehabilitated  by  fertilization 
and  skillful  tillage.  The  removal  of  soil  by 
erosion  represents  a  permanent  loss  to  the 
capital  resource  of  agriculture.  Farm  land 
passes  progressively  through  stages  of  deterio- 
ration until  it  reaches  the  marginal  and  then 
the  submarginal  grade.  During  this  process 
the  standard  of  living  of  those  dependent  on 
the  land  is  lowered  progressively.  There  is  an 
increase  of  farm  tenantry,  tax  delinquency, 
bankruptcies,  and  land  abandonment.  Where 
many  farms  are  affected  the  income  of  the 
whole  community  is  lessened.  There  is  a  fail- 
ure to  maintain  public  institutions  and  public 
improvements,  a  progressive  disintegration  of 
the  population,  lowering  of  the  morale  of  the 
people,  increase  of  distress,  and  dependency  on 
State  or  Federal  relief. 

The  present  day  marginal  land  problem  is 
due  in  part  to  the  use  of  land  which  by  its 
physical  character  or  location  is  unfit  for  per- 
manent agricultural  activity.     It  is  due  in  a 


<j;rcat  many  sections  to  impairment  or  destruc- 
tion of  land  by  erosion.  Erosion  thus  striken 
at  the  very  foundations  of  our  rural  civilization. 
It  undermines  the  basis  upon  which  hopes  of 
future  development  of  many  communities  and 
regions  have  been  built.  Continuance  of  un- 
checked soil  erosion  in  many  places  inevitably 
means  the  necessity  for  population  shifts  wliich 
may  be  accompanied  by  a  large  amount  of 
human  suffering. 
Methods  of  Erosion  Control 

Agricultural  experts  and  others  have  for 
many  years  been  developing  practical  measures 
of  erosion  control.  It  is  recognized  that  com- 
plete prevention  of  erosion  is  impossible  be- 
cause there  will  always  be  some  movement  of 
the  surface  sod  on  all  slopes.  This  can,  how- 
ever, be  reduced  to  a  relatively  small  amount 
by  methods  found  by  experience  to  be  effective. 
The  most  important  procedures  in  erosion 
control  are  as  follows: 

1.  The  conversion  to  forest  or  sod  pasture 
or  range,  of  areas  too  steep  or  otherwise 
unsuited  for  tillage; 

2.  terracing,  to  reduce  the  velocity  of  run- 
off, check  erosion,  and  conserve  moisture; 

3.  tiUng,  to  reduce  surplus  surface  water 
and  improve  underground  drainage; 

4.  slvillful  tillage,  including  contour  plow- 
ing, deep  plowing,  maintenance  of  sod  strips 
and,  of  special  importance,  adequate  fertili- 
zation ; 

5.  use  of  close-grown  crops,  rotation  of 
crops,  strip-cropping,  and  use  of  winter-crop 


6.  Cfintrol  of  forest  fires,  especially  for  the        Soil  Erosion 
protection  of  the  litter  and  humus; 

7.  control  of  grazing  of  live  stock  on  range, 
home  pasture,  and  in  the  forest; 

8.  the  checldng  of  incipient  gullying  of 
fields  by  smoothing  oft'  or  filling  depressions 
and  by  placing  brush  or  other  obstacles  at 
the  more  dangerous  points  to  lessen  the 
erosive  action  of  the  water.  The  checking 
of  advanced  gully  erosion  requires  more 
radical  measures,  including  the  rectifying  of 
the  slopes  of  the  banks,  the  construction  of 
check  dams,  drainage  and  other  works,  and 
the  planting  of  trees,  shrubs,  or  other  soil- 
holding  vegetation; 

9.  special  measures  to  protect  caving 
banks  in  connection  with  river  improve- 
ments ; 

10.  measures  speciallj'  adapted  to  prevent 
wind  erosion,  including  the  plowing  of  fur- 
rows (listers)  at  frequent  intervals  across  the 
prevailing  winds,  mulching,  and,  where 
practicable,  various  methods  commonly  used 
in  checldng  water  erosion. 

Need  for  Action 

The  ])roblem  of  erosion  involves  the  protec- 
tion from  serious  and  pei'manent  injuiy  of  the 
soils  of  the  country,  ujjon  which  in  large 
measure  the  life  of  the  Nation  depends.  Mount- 
ing losses  make  it  imperative  to  take  immediate 
action  which  will  bring  into  operation  on  a 
very  ^\ide  scale  and  in  a  short  time  the  measures 
of  erosion  control  which  experience  has  shown 
to  be  practical  and  effective. 
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I.  The  Region 

1.  The  Hirer  Si/stem  and  the  Badn:  The 
I'ljpcr  Mississippi  Basin  is  that  sector  of  the 
drainage  area  of  the  Mississippi  River  north  of 
the  iunctions  of  the  Missouri  and  Ohio  rivers, 
not  inchisive  of  the  drainage  areas  of  these 
two  tributaries,  each  of  which  is  itself  a  great 
system.  The  dominant  river  factor  in  this 
basin  is  the  main  stem  of  the  Mississippi,  which 
from  its  source  in  Lake  Itasca  to  the  junction 
of  the  Ohio  has  a  length  of  1 ,400  miles.  The 
most  important  tributaries  of  this  upper  sector 
of  the  Mississippi  are  as  follows:  flowing  from 
(he  northeast,  the  St.  Croix,  Chippewa,  Black, 
\\is(cinsiu.  Rock,  Illinois,  and  Kaskaskia  rivers; 
lldwiug  from  the  northwest,  the  Minnesota, 
Turkey,  Maquoketa,'^  Wapsipenicon,  Iowa- 
Cedar,  Skunk,  and  Des  Moines  rivers.  For  the 
])urpose  of  this  study  there  have  been  included 
with  the  ri)i)er  Mississippi  basin  two  economic- 
ally related  sectors  of  contiguous  basins;  that 
part  of  the  Great  Lakes  basin  lying  west  of 
Lakes  Michigan  and  Superior;  and  that  part 
of  the  Hudson  Bay  basin  within  the  LMted 
States,  of  which  the  Red  River  of  the  North  is 
the  central  water  feature.  (See  map  facing 
this  page.) 

The  Upper  Mississippi  drainage  area  is  about 
18."i,000  square  miles,  or  15  percent  of  the  entire 
Mississi])pi  drainage  area,  and  the  related  Great 
Lakes  and  Hudson  Bay  drainage  areas  together 
about  95,000  square  miles.  The  total  is 
approximately  280,000  square  miles. 

2.  Cultural  Status:  The  area  under  consid- 
eration includes  practically  all  of  the  states  of 
Illinois,  Wisconsin,  and  Minnesota,  the  eastern 
two-thirds  of  Iowa,  somewhat  more  than  the 
northeastern  third  of  North  Dakota,  the  Upper 
Peninsula  of  Michigan,  corners  of  Missouri  and 
Indiana,  and  a  few  square  miles  of  South 
Dakota.  In  agriculture,  mining,  manufacture 
and  commerce  it  is  one  of  the  most  important 
regions  of  the  United  States.  It  has  9.6  percent 
of  the  area,  and  12.8  percent  (nearly  16,000,000) 
of  the  population,  of  the  continental  LTnited 
States.  The  proportion  of  the  land  devoted  to 
crops  varies  from  60  percent  in  Iowa  to  37  per- 
cent in  Minnesota;  for  the  entire  region  it  is 
41.3  percent.  It  is  a  major  producer  of  corn, 
wheat,  barley,  oats,  ha}",  swine,  cattle,  and 
dairy  products.  Its  farm  buildings,  implements, 
and  machinerj'  represent  in  value  nearly  one- 
quarter  the  total  of  the  United  States.    Of  its 


farms  17.3  percent  have  water  piped  to  dwell- 
ings and  18.5  percent  are  lighted  by  electricity; 
44.5  percent  have  radios,  65.6  percent  tele- 
phones, and  95.2  percent  automobiles.  In 
mining  the  region  accounts  for  15  percent  of 
the  value  of  the  production  of  the  United  States, 
and  for  over  80  percent  of  the  tonnage  of  iron 
ore.  The  value  of  its  diversified  manufactured 
products  in  1929  was  $11,000,000,000,  approxi- 
mately 16  percent  of  the  total  for  the  United 
States.  In  commerce  the  Upper  Mississippi 
Basin  occupies  a  strategic  position  at  the  axis 
of  east-west  and  north-south  national  transpor- 
tation arteries.  Cliicago  is  the  inland  connner- 
cial  metropolis  of  the  Continent.  Minneapolis- 
St.  Paul — and  over  the  border  of  the  basin, 
St.  Louis  and  Kansas  City — are  gateways  of 
transcontinental  traffic,  most  of  which  crosses 
tlie  basin. 

Notwithstanding  this  general  high  economic 
culture  of  the  region,  the  culture  is  not  evenly 
distributed.  There  are  many  local  areas  within 
the  region  in  which  economic  well-being  is  de- 
clining. The  irritating  stimuh  of  unfavorable 
local  conditions,  as  well  as  the  impact  of  gen- 
eral economic  forces,  have  made  this  region  a 
source  of  the  national  literature  and  of  national 
movements  of  discontent. 

3.  Absence  of  Plrotal  Water  Factors:  Water 
factors,  reflecting  here  nature's  niggardliness  and 
there  man's  maladroit  use  of  nature's  generositj', 
have  played  a  very  considerable  part  in  creating 
these  numerous  local  problems.  Yet  no  par- 
ticular water  factor  plays  a  dramatic  part. 
None  of  the  rivers  have  their  sources  in  moun- 
tain snows  which  in  the  spring  pour  wide- 
spread floods  into  valleys;  there  are  no  great 
rapids  offering  sites  for  Boulder  or  Wilson 
dams;  erosion  does  not  tear  down  banks  and 
trees  and  rocks  in  masses.  Like  Lilliputs — 
apparently  insignificant  in  the  unit  but  sig- 
nificant in  the  aggregate — the  water  factors 
play  their  part  inconspicuously,  but  on  the 
whole  with  noteworthy  influence.  Instead  of, 
hke  great  floods,  dealing  an  occasional  destroy- 
ing blow  at  economic  security,  they  have  in 
numerous  places  gradually  woven  their  tlvreads 
of  influence  over  man's  economic  life  in  a  man- 
ner wliich  imj)airs  its  stability.  However, 
before  developing  tins  theme  further  it  is 
desirable  to  review  the  water  characteristics  of 
the  region. 
II.  Physical,  Especially  Water,  Factors 

1 .  Topography:  The  topography  of  the  region 
as  a  whole  is  fairlj^  level,  and  the  greater  part  of 
the  State  of  Illinois,  with  adjacent  sections  of 
Iowa  and  Wisconsin,  is  one  of  the  most  nearly 
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level  areas  iu  the  United  States.  A  line  drawn 
roughly  from  Des  Moines,  Iowa,  to  Ausable 
Point  on  Lake  Superior  divides  the  region  into 
approximate  halves,  of  which  the  southeastern 
half  Hes  between  the  500-  and  1,000-foot  con- 
tours, and  the  northwestern  half  between  the 
1,000-  and  1,500-foot  contours.  There  are 
small  sections  in  northern  Wisconsin,  north- 
eastern Minnesota,  and  north-central  North 
Dakota  where  the  1,500-foot  elevation  is 
exceeded.  Generally  variation  from  the  lower 
to  the  higher  elevations  is  gradual,  and  there  is 
no  pronounced  "fall  line"  from  one  level  to 
another  offering  power  sites.  Although  flashy, 
nowhere  are  the  rivers  extremely  lively,  and  in 
their  lower  reaches  particularly  they  are  fairly 
sluggish  most  of  the  year. 

This  upper  basin  of  the  Mississippi  system 
was  the  only  one  almost  entirely  covered  during 
the  ice  age,  and  glacial  action  had  several  signifi- 
cant results  in  respect  to  water  factors.  Its 
leveling  influence  accounts  for  the  absence  of 
extremely  lively  rivers  and  power  sites,  and  for 
the  level  land  and  the  till  and  silty  soils  of  the 
Illinois  sector;  and  its  morainic  action  accounts 
for  the  innumerable  kettle  holes  and  drift  pock- 
ets of  northwestern  Wisconsin  and  northern 
Minnesota.  These  pockets  became  the  sites 
of  many  thousands  of  fresh-water  lakes,  of 
which  some  13,000  still  remain.  The  dead 
lakes  and  some  low  lands  in  other  parts  of  the 
basin  have  become  swamps  and  marshes.  The 
importance  of  these  will  be  indicated  later. 

2.  Temperature  and  Rainfall:  The  average 
summer  temperature  varies  from  60  degrees  in 
the  extreme  northern  part  to  75  degrees  in 
southern  Illinois,  and  the  average  winter  tem- 
perature from  5  degrees  in  the  extreme  north  to 
35  degrees  in  the  south.  The  growing  season 
in  the  northern  part  of  the  region  is  3.5  months, 
and  in  the  southern  part  6.5  months.  The 
Great  Lakes  have  an  appreciable  modifj^ng  in- 
fluence on  adjacent  areas.  Different  combina- 
tions of  these  temperature  factors,  topography 
factors  already  noted,  and  rainfall  factors  to  be 
noted,  explain  the  predominance  in  Illinois  and 
Iowa  of  the  corn  and  livestock  industries,  in 
southern  Minnesota  and  especially  Wisconsin  of 
dairying  and  mixed  farming,  and  of  spring 
wheat  in  the  valley  of  the  Red  River  of  the 
North. 

In  respect  to  rainfall,  the  mean  annual  pre- 
cipitation varies  from  18  inches  in  the  north- 
western part  of  the  region  to  42  inches  in  the 
southwestern  part;  and  the  AprU-July  precipita- 
tion from  10  inches  in  the  northwestern  part  to 
1 6  inches  in  the  southeastern.    Therefore  nearly 


nil  the  region  lies  within  the  humid  belt  and  ap- 
j)roximateh'  GS  percent  of  precipitation  occurs 
during  the  growing  period  of  grains;  but  west- 
ern Minnesota  and  North  Dakota  are  located 
at  the  brealdng  point  between  favorable  and 
unfavorable  conditions  of  precipitation.  (Map 
A.)  This  Red  River  sector  is  dependent  for 
continuously  successful  agriculture  on  a  nicety 
of  balance  between  rainfall,  run-off  and  the 
water  table;  a  balance  which  nature  does  not 
maintain  constantly.  Even  the  greater  part 
of  the  region  may  at  times  sutler  from  drought 
at  critical  seasons,  as  was  the  case  during  the 
growing  season  of  1934. 

The  records  of  rainfall  over  a  long  period  are 
not  adequate  for  generalization,  but  a  compari- 
son of  data  of  the  only  relevant  stations  having 
long-time  records  (St.  Louis,  St.  Paul,  and 
Marietta,  O.)  suggests  that  there  may  be  in 
this  region  an  alternation  between  periods  of 
lesser  and  periods  of  greater  rainfall,  showing  a 
curve  of  some  seventeen  years  between  years 
of  lowest  and  years  of  highest  precipitation . 

3.  Run-ojf,  Floods,  Erosion,  and  Low  Water: 
Approached  from  the  point  of  view  of  destruc- 
tive floods  on  the  lower  main  stem  of  the  Missis- 
sippi, the  waters  of  tliis  upper  region  do  not 
contribute  a  run-off  comparable  with  that  of 
the  Oliio,  but  of  significance  when  coincident. 
When  the  melting  snows  of  winter  are  com- 
bined with  heavy  spring  rains,  there  is  a  flood 
flow  of  generally  manageable  proportions  in  the 
upper  reaches  of  the  main  stem;  and  throughout 
most  of  the  year  the  main  river  is  in  spots  fairly 
strong  and  turbulent.  The  representative  flood 
flow  at  Grafton,  111.,  is  350,000  c.f.s.,  and  the 
recorded  maximum  450,000  c.f.s.  Recent 
records  at  Keokuk,  averaged  over  a  five-year 
period,  show  that  only  12  percent  of  the  basin's 
precipitation,  or  3.45  inches,  appears  in  the 
river  at  that  point.  The  run-off  varies  from 
0.41  inch  in  the  Minnesota  River  basin  to  7.91 
inches  (25  percent  of  precipitation)  in  the 
Black  River  basin.  The  latter  figure  indicates 
that  in  some  places  the  run-off  is  of  local  im- 
portance. It  is  locally  important  in  the  two 
respects  that  it  causes  local  floods  which  are 
destructive  of  crops  on  the  areas  aft'ected 
(Map  D),  and  is  the  cause  of  serious  erosion 
in  various  places,  especially  in  an  irregular 
area  on  both  sides  of  the  Mississippi  from  the 
Minnesota  River  to  the  Rock,  and  in  north- 
eastern Missouri,  southeastern  Iowa,  and 
southwestern  Illinois  (Map  E).  On  the  other 
hand,  the  low-water  flows  of  the  tributaries, 
and  consequently  of  the  main  stem  below  the 
headwaters,    create   in    many    places    serious 
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problems  of  water  supply  and  sanitation. 
This  is  indicated  by  their  combined  influence 
on  the  main  stem  at  Grafton,  111.,  where  the 
average  flow  is  100,000  c.f.s.  and  the  repre- 
sentative low-water  flow  is  only  30,000  c.f.s. 
In  a  season  of  unusually  deficient  precipitation 
the  Red  River  of  the  North  and  its  tributaries 
may  become  practically  dry. 

4.  The  Ground-water  Level:  Data  of  strictly 
scientific  validity  concerning  clianges  in  the 
ground-water  level  are  not  available,  because 
controlled  sj'stematic  measurements  have  not 
been  made.  A  special  study  of  the  critical 
area  between  the  humid  and  arid  belts  along 
the  100-degree  meridian  indicates  a  depletion 
wliich  averages  13  feet  in  Minnesota,  16  feet 
in  North  Dakota,  and  17  feet  hi  South  Dakota. 
Tins  is  serious  for  an  agriculture  dependent  on 
a  balance  between  this  and  other  water  factors 
(Map  B). 

5.  Lakes,  Swamps,  and  Marshes:  One  of  the 
most  interesting  and  important  aspects  of  the 
relation  of  water  factors  to  culture  is  found  in 
the  numerous  lakes,  swamps,  and  marshes — 
hummocky  cedar  and  flat  tamrack  swamps, 
cranberry  and  peat  bogs,  muskegs,  and  "wet- 
lands" (Map  F).  The  lakes  have  already 
become  important  for  recreation — the  income 
of  the  summer-resort  business  is  third  in  rank 
in  Minnesota  and  fourth  in  Wisconsin — and 
offer  a  basis  for  a  planned  development  of  a 
gi'eat  playground  for  the  north  central  states. 
The  swamps,  marshes,  and  lowlands  are  ele- 
ments of  natm'e  to  which  man  has  not  yet 
learned  how  properly  to  adjust;  and  his  mis- 
taken assumption  that  any  land,  including 
swamps  and  marshes  when  drained,  is  suitable 
for  productive  occupation,  has  lead  to  many 
unwise  investments  in  drainage  projects  and 
ill-fated  ventures  in  agriculture.  Approxi- 
mately 21  percent  of  the  improved  land  in  the 
four  states  of  Illinois,  Iowa,  Wisconsm,  and 
Minnesota  is  in  drainage  enterprises.  Much 
of  it  is  fertile  and  verj"-  productive.  Low 
income  from  those  parts  which  permit  only 
submarginal  agriculture  explains  the  reason  for 
many  of  the  problem  areas  of  the  region. 
Most  of  the  swamp  lands  should  be  restored  to 
their  proper  use — as  forests  like  those  which 
once  covered  58  percent  of  the  Upper  Missis- 
sippi basin,  or  as  refuges  for  wild  game.  How- 
ever, for  these  uses  they  should  not  be  com- 
pletely restored,  for  in  their  original  condition 
they  were  not  all  suitable  even  for  forests  and 
game.  Most  of  the  drained  marshes  might 
well  be  restored  to  marsh  hay  lands. 


6.  Navigation:  In  its  original  condition  the 
Upper  Mississippi  was  navigable  at  certain 
seasons  throughout  its  entire  length,  and 
before  the  advent  of  railroads  was  the  most 
economical  route  to  the  northwest.  River 
traffic  reached  its  peak  in  the  decade  1850-60, 
when  it  is  said  1,100  steamboats  pHed  the 
upper  river.  From  then  on  the  river  traffic 
was  unable  to  meet  the  competition  of  develop- 
ing raflroads;  in  part  because  of  inadequate 
depth  and  obstructions,  but  chiefly  because 
the  rivers,  unlike  the  railroads,  were  at  right 
angles  to  the  direction  of  traffic.  The  Con- 
gress of  1878  approved  a  j)roject  providing  for 
a  4.5-foot  channel;  and  in  1907  the  present 
project,  which  first  provided  for  a  6-foot  channel 
on  the  main  stem  above  St.  Louis,  and  lesser 
channels  on  tributaries,  but  was  modified  in 
1932  to  provide  a  9-foot  channel  on  the  main 
stem.  The  Federal  expenditures  on  projects 
(if  the  Upper  Mississippi  system  above  the 
mouth  of  the  Ohio  to  June  1934  were:  on  the 
main  stem,  $104,300,000,  and  on  tributaries 
and  connections  $21,750,000,  a  total  of  $126,- 
050,000,  not  including  $40,000,000  for  mainte- 
nance and  operation.  The  estimated  cost  of 
completion  on  the  present  project  as  it  now 
stands  is:  for  main  stem,  $91,300,000,  addi- 
tional expenditures  on  tributaries  and  connec- 
tions being  estimated  as  negligible.  The 
maxunum  traffic  since  continuous  records  were 
begun  on  the  stretch  between  St.  Paul  and  the 
mouth  of  the  Missouri  was  4.5  million  tons  in 
1903.  The  minimum  was  in  1916  with  500,000 
tons,  between  which  point  and  1,000,000  tons 
it  has  since  varied.  The  great  decline  has  been 
the  result  mainly  of  diminishing  traffic  in  logs 
and  lumber. 

It  is  not  possible  by  any  calculations  of 
business  accounting  to  discover  an  economic 
justification  for  the  vast  expenditures  on  the 
projected  improvement  of  these  waterways; 
especially  from  the  prevailing  viewpoint 
of  self-liquidation,  but  also  even  from  the 
viewpoint  of  complete  coverage  of  costs  of 
maintenance  and  operation.  It  is  the  more 
impossible  when  consideration  is  given  to  the 
fact  that  diversion  of  grain  traffic  from  rail- 
roads, wliich  is  included  in  present  calcula- 
tions, is  quite  likely  to  be  checkmated  by  the 
liiglily  probable  development  of  through  water 
traffic  from  the  Great  Lakes  by  way  of  the 
St.  Lawrence  river  to  the  Atlantic.  On  the 
other  hand,  there  is  nothing  in  past  experience 
which  permits  us  to  en\-isage  the  total  situation 
of  productivity  and  exchange  of  commodities 
between  the  upper,  central,  and  lower  reaches 
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of  the  Mississippi  basin,  and  connected  regions, 
when  there  shall  exist  these  great  arteries  of 
water  transport  of  adequate  depth  throughout 
the  entire  valley  and  connected  with  the  Great 
Lakes.  Especially  is  tliis  true  in  view  of  the 
fact  that  present  studies  of  planned  utilization 
of  natural  resources  indicate  the  need  of  a 
comprehensive  program  of  new  allocations  of 
land  to  more  varied  uses,  which  will  inevitably 
include  renewal  of  traffic  in  heavy  commodities; 
and  in  view  further  of  indications  of  a  more 
dccentrahzed  and  widely  distributed  industry. 

7.  Power:  The  Mississippi  and  its  upper 
basin  tributaries  generally  have  their  sources  in 
a  flat  highland,  flow  tlirough  lakes  with  broad 
outlets  and  through  broad  valleys,  and  there- 
fore offer  no  opportunity  to  create  artificial 
storage  of  any  consequence,  or  for  the  construc- 
tion of  dams  of  any  height.  On  the  whole 
the  development  of  hydro  power  must  depend 
upon  the  occasional  stretches  of  rivers  which 
offer  suitable  heads.  There  are  very  few 
places  where  more  than  a  30-foot  head  could  be 
obtained.  Paper  mills  established  early  in 
Wisconsin  and  Minnesota,  naturally  made  use 
of  the  best  power  sites.  Other  industries  have 
l)reempted  additional  sites,  and  all  the  best 
hydroelectric  sites  in  the  Mississippi  basin 
itself  are  now  developed.  It  should  be  noted, 
however,  that  there  exist  in  the  adjacent  sectors 
of  the  Great  Lakes  and  Hudson  Bay  basins  a 
number  of  high  head  sites,  now  remote  from 
markets,  which  under  some  new  over-all  or- 
ganization of  the  power  industry  might  be 
linked  into  a  grid  reaching  adequate  markets. 

The  most  comprehensive  survey  of  possible 
water-power  sites  in  the  region  is  presented  in 
the  "308  Reports"  of  the  Corps  of  Engineers. 
(House  Document  308,  69th  Congress,  1st 
Session.)     A  summary  follows: 


state 

Num- 
ber of 

sites 

Installed 
kilowatt 
capacity 

Estimated 

Illinois 

12 

68 
53 

72 

66,700 
183,100 
194,970 
382,880 

$15, 534,  COO 

Minnesota.    . 
Wisconsin.. 

48,940,000 
46,016,000 
122,316,000 

205 

827,650 

232,806,000 

^Vliile  the  total  of  indicated  possible  installed 
capacity  is  impressive,  it  must  be  observed  that 
many  projects  are  based  on  as  little  as  20  per- 
cent time  flow  of  streams.  Thus  it  is  evident 
that  the  cost  per  k.w.  of  the  development  for 
prime  power  available  is  much  higher  than  the 
cost  per  kw.  of  installed  capacity.  It  is  not 
likely  that  many  of  the  possibilities  listed  will 


1)0  built  under  present  conditions  in  the  in- 
(histry,  as  under  such  conditions  fuel-burning 
plants  are  more  economical.  On  the  other 
hand,  in  a  more  highly  integrated  power 
industry  utilizing  all  plants  to  capacity,  a 
considerable  number  of  these  hydro  sites  might 
economically  be  absorbed  into  the  system. 
It  is  pertinent  to  observe  that  the  average 
k.w.-hr.  consumption  of  farm  customers  in 
Iowa,  Wisconsin,  and  Minnesota  is  only  some 
65  percent  of  the  average  farm  consumption 
of  the  entire  United  States  (California  ex- 
cluded), and  that  the  farm  service  rate  in  Iowa 
is  the  second  highest,  in  Minnesota  the  thin! 
highest,  and  in  Wisconsin  the  eighth  highest  in 
the  United  States.  Calculations  indicate  that 
it  would  be  reasonable  to  assume  a  require- 
ment of  something  like  a  45  percent  additional 
capacity  in  the  next  twenty  years,  with  a 
k.w.-hr.  increase  of  sonic  62  percent. 
III.  Representative  Water  Problems 
as  Disclosed  by  Area  Studies 

1.  ]\Iap  of  Relative  Economic  Status:  There 
has  been  noted  an  absence  of  outstanding 
characteristics  on  which  a  study  of  the  waters 
of  the  region  might  be  pivoted.  This  has 
stimulated  a  special  approach  to  the  problem. 
If  locaUties  presenting  relative  economic  in- 
stability can  be  identified,  a  cue  would  be  pro- 
vided for  discovery  of  unfavorable  forces,  in- 
cluding the  water  factors.  Accordingly  an 
isopleth  map  of  the  economic  status  of  various 
parts  of  the  region  was  constructed.  (Sec 
map  facing  this  page.') 

This  graphical  anal3-sis  has  facilitated  iden- 
tification of  problem  areas,  discovery  and 
appraisal  of  the  influence  of  water  factors  on 
economic  conditions  and  trends,  and  particu- 
larly of  the  influence  of  such  non-dramatic 
aspects  of  water  as  rainfall  and  drought,  sub- 
surface storage  and  the  water  table,  local 
floods,  erosion,  and  lakes,  swamps,  marshes, 
and  drainage.  For  instance,  the  map  shows  a 
relatively  low  economic  status  in  the  Keweenaw 
Peninsula  of  Michigan.  Inspection  shows  that 
dechne  of  the  copper  industry  and  a  resort  to 

1  A  note  concerning  the  construction  of  this  map  is  in  order.  Each  of 
the  371  counties  in  the  region  was  rated  on  a  scale  of  one  to  eight  in  re- 
spect to  twenty-four  characteristics  indicative  of  economic  trends  during 
the  decade  1920-30,  prior  to  the  influence  of  depression.  A  population 
change  group  contained  two  series;  a  farm  abandonment  group  four 
series;  a  gross  productivity  group  two  series;  and  a  net-income-standard- 
of-living  group,  sixteen  series.  The  separate  ratings  in  respect  to  these 
twenty-four  series  were  then  weighted  and  comhinod  into  one  composite 
rating  for  each  county.    The  map  is  a  plottinc  <  r    '  ^r.- is 

consisting  of  counties  of  equal  rating.    The  m  ii  ■  of 

usefulness  for  the  purpose  for  which  it  was  consi  1 1 ;  rid 

however,  as  giving  a  precise  indication  of  the  i^  my 

particular  county.  Because  of  the  incompleteness  of  soino  :inif  sfarcity 
of  other  data,  refinements  of  statistical  method  which  would  establish 
a  reasonable  assurance  of  accuracy  in  respect  to  any  particular  detail 
were  not  possible. 
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subsistence  farming  are  the  vital  factors,  and 
tliat  water  does  not  play  an  important  part. 
Also  the  declining  economic  status  of  that 
section  of  the  coal  region  of  Illinois  lying  south- 
east of  the  mouth  of  the  Missouri  is  not  to  be 
explained  in  terms  of  the  influence  of  water 
factors  so  much  as  in  terms  of  competition  of 
oil  and  gas  piped  from  the  southwest  basins. 
On  the  other  hand,  inspection  of  the  area  in- 
dicated by  the  dark  spot  in  the  northwestern 
corner  of  Indiana  discloses  a  water  problem 
typical  of  the  entire  region.  This  upper  valley 
of  the  Kankakee  River  was  once  a  marsh  land 
without  agriculture.  Promotion  of  drainage 
projects  induced  settlement  and  establishment 
of  agriculture.  But  because  drainage  opera- 
tions were  inadequate,  local  floods  still  destroy 
crops — during  the  decade  1920-30,  two  years 
out  of  three.  Either  the  drainage  develop- 
ment should  have  been  better  planned  and 
more  completely  executed,  or  the  area  should 
have  been  left  to  nature's  disposition  for  the 
wiser  uses  of  ducks  and  other  wild-life. 

Below  are  considered  the  more  important 
classes  of  water  problems,  with  illustrations  of 
each  that  are  by  no  means  exhaustive. 

2.  Drainage  of  Infertile  Lands:  The  most  suc- 
cessful development  of  agriculture  in  northern 
Minnesota  east  of  the  Red  River  Valley  is  along 
the  basin  of  the  Rainy  River  where  that  river 
and  the  tributaries  afford  natural  drainage. 
Southwest,  south,  and  southeast  of  the  Lake  of 
the  Woods,  however,  lies  an  extensive  area 
characterized  by  a  large  peat  bog.  This  area 
was  once  covered  bj^  glacial  Lake  Agassiz,  and 
absence  of  marked  topographical  features  is 
indicated  by  the  diversified  direction  of  the 
natural  drainage;  the  northern  and  eastern 
section  draining  to  tiie  Hudson  Bay  by  way  of 
the  Rainy  River,  and  the  western  part  to  the 
Hudson  Bay  by  way  of  Red  Lake  and  the  Red 
River  of  the  North.  Its  southern  boundary  is 
the  low  watershed  of  the  Upper  Mississippi 
drainage  area.  Much  of  the  region  was  once 
covered  by  extensive  forests;  but  after  removal 
of  the  commercially  valuable  timber,  and  under 
the  stimulus  of  war  expansion,  extensive  drain- 
age operations  were  initiated  and  agricultural 
settlement  stimulated. 

Drainage  has  failed  to  convert  the  region  to 
agriculture.  Not  only  has  drainage  itself 
proved  difficult,  but  the  peat  soils  after  drain- 
age are  inherently  unproductive  because  lacking 
in  essential  minerals.  They  are  also  susceptible 
to  killing  frosts  in  the  growing  season  and  to 
destructive  fires  in  the  dry  season.  These 
fires  destroy  the  humus  covering,  usually  in- 


crease the  need  for  more  drainage,  and  make 
agriculture  the  more  difficult. 

The  agricultural  settlers  arc  left  stranded. 
Land  is  rapidly  reverting  to  the  State  through 
tax  delinquency  and  the  failure  of  drainage 
districts,  upon  some  of  which  the  state  has 
assumed  the  bonded  indebtedness.  The  region 
was  intended  by  nature  for  forests.  In  many  of 
the  swamps,  black  spruce  and  northern  white 
cedar  can  be  produced,  and  on  the  higher 
ground,  pines  and  hardwood.  The  few  lakes, 
especially  the  Lake  of  the  Woods,  ofl'er  distinc- 
tive recreational  possibilities;  but  the  greater 
part  is  suitable  only  for  recreational  game, 
including  not  only  bird  life  but  also  big  game 
such  as  deer,  elk,  and  moose,  which  could  be 
successfully  propagated.  For  such  uses,  how- 
ever, the  region  should  not  be  permitted  to 
revert  completely  to  its  original  state  of  exces- 
sive swampiness,  but  to  a  state  of  moderate 
drainage  designed  for  the  purpose. 

Another  region  of  similar  characteristics  is 
found  in  central  Wisconsin.  As  in  northern 
Minnesota,  swampy  peat  and  sandy  soils  pre- 
dominate. A  flat,  moderate  plateau,  formerly 
in  rainy  seasons  it  drained  both  into  Lake 
Micliigan  by  way  of  Lake  Winnebago,  and  into 
the  Mississippi  by  way  of  the  Wisconsin  River. 
Flood  control  works  have  destroyed  this 
characteristic.  In  its  original  state  the  region 
was  a  natural  storage  reservoir  and  regulator  of 
stream  flow  for  the  Wisconsin  River. 

The  economic  history  of  this  region  is  pat- 
terned along  the  same  lines  as  that  of  the  Min- 
nesota region  described  above.  After  removal 
of  the  better  grades  of  timber,  drainage  opera- 
tions were  undertaken  over  some  600  square 
miles  and  agriculture  penetrated  the  region. 
The  natural  nonproductiveness  of  the  soil,  fire 
hazards  from  dry  peat,  meager  income,  and  the 
financial  burden  of  the  drainage  operations, 
have  combined  to  bring  tax  delinquency, 
bankruptcy,  and  abandonment. 

Agriculture  may  well  be  continued  in  easily 
drained  localities  where  better  grades  of  soil 
are  found  in  sufficient  concentration,  and  hay 
crops  may  be  profitable  on  some  of  the  less 
easily  drained  areas;  but  even  such  agriculture 
to  be  economically  practicable  would  probably 
have  to  be  supplemented  by  part-time  employ- 
ment in  forests  and  in  game  management,  for 
both  of  which  the  region  is  peculiarly  suitable. 
Here  also  there  should  not  be  a  return  to  the 
original  excessively  swampy  state,  but  to 
a  carefully  conceived  and  integrated  program  of 
moderate  drainage  adapted  to  a  combination  of 
supplemental   agriculture,   increased    reservoir 
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capacity  to  regulate  the  the  Wisconsin  stream 
flow,    reforestation,    and    recreational    game 


3.  Drainage  of  Fertile  Lands:  The  Red  River 
Valley  of  Mimiesota  and  North  Dakota  extends 
from  tliirty  to  fifty  miles  on  both  sides  of  the 
river.  The  valley  is  today  a  flat  surface  of 
fertile,  alluvial  soil  left  by  Lake  Agassiz. 
This  broad,  imforested,  prairie  plain  was 
rapidly  developed  during  the  period  of  railroad 
and  agricultural  expansion  following  the  Civil 
War.  The  agricultural  development  of  the 
valley,  however,  has  been  handicapped  because 
of  the  difl[iculty  of  controlling  or  adjusting  to 
its  water  factors.  Paradoxical  as  it  may  seem, 
the  water  problem  is  a  composite  of  deficient 
rainfall,  poor  drainage,  depleted  water  table, 
and  intermittent  droughts. 

Because  of  the  flatness  of  the  land  and  the 
presence  of  barely  perceptible  depressions  and 
low  swells,  the  region  is  lacking  in  adequate 
natural  drainage.  The  Red  River  and  its 
tributaries  are  shallow,  winding  streams  with 
poorly  defined  bottom  lands.  Although  the 
land  immediately  bordering  these  streams  is 
fairly  well  drained  naturally,  artificial  drain- 
age is  essential  on  most  of  the  land  in  the 
valley,  because  one  of  the  most  extensive  soil 
types  in  the  valley  is  a  black  silty  claj-  or  clay- 
loam  soil  which  is  easily  cultivated  when  dry, 
but  sticky  and  tenacious  when  wet.  Artificial 
drainage,  however,  has  its  diflSculties.  Outlets 
are  difficidt  to  find  for  large  ditches,  and  de- 
pressions are  frequently  lower  than  the  sluvllow, 
lateral  ditches.  With  continuous  cultivation, 
depletion  of  the  natural  humus  is  causing  the 
soil  to  become  more  compact  and  more  diffi- 
cult to  drain.  Tile  drainage  has  not  been  ex- 
tensively employed  because  the  flatness  of  the 
land  makes  it  difficult  to  find  outlets.  In  addi- 
tion, in  the  more  compact  sods  drains  must  be 
laid  near  the  surface,  which  limits  the  area 
benefited  and  increases  the  number  of  drains 
required.  Wlide  extensive  ditcldng  is  improv- 
ing the  drainage,  the  lack  of  adequate  drain- 
age, even  in  tliis  region  of  limited  rainfall, 
remains  one  of  the  most  important  of  the  water 
problems  affecting  land  use. 

There  is  in  the  valley  a  mean  annual  precipi- 
tation of  about  twenty  inches.  On  the  whole, 
its  distribution  is  such  that  serious  droughts  do 
not  occur  frequently,  as  the  greater  part  of  the 
rainfall  occurs  in  the  late  spring  and  early 
summer;  but  the  amount  of  the  rainfall  and 
its  distribution  creates  a  relatively  narrow 
zone  of  productive  balance,  with  risks  threaten- 
ing when  either  an  excess  or  deficiency  occurs. 


An  increase  in  rainfall  ol  a  relatively  few 
inches  will  delaj'  seeding  and  make  the  more 
poorly  drained  sections  too  wet  for  cultivation 
imtil  too  late  for  a  crop  to  mature,  the  growing 
season  being  short,  averaging  between  110  and 
130  days.  On  the  other  hand,  decrease  in 
rainfall  curtails  crop  yields,  for  the  sandy  and 
gravelly  loam  soils  are  particularly  dry  in 
droughty  years.  In  years  of  exceptional 
drought,  depletion  of  the  water  table  is  making 
more  difficult  adequate  provision  for  the  needs 
ot  the  live  stock  with  which  the  valley 
abounds. 

Altogether,  there  is  presented  here  one  of  the 
nicest  problems  of  planning  a  land  use  that 
expresses  a  proper  balance  between  a  number 
of  water  factors.  Humidity  to  the  east  and 
aridity  to  the  west  are  controlling  factors,  but 
here  the  one  is  not  severe  enough  and  the  other 
is  not  beneficent  enough  to  control.  The 
problem  is  one  of  adjusting  to  the  most  favor- 
able relations  among  several  factors. 

4.  Water  Supply,  Pollution  and  Sanitation: 
The  problem  of  the  quality-  of  the  waters  is 
especially  important  in  the  Upper  Mississippi 
region,  because  it  has  concentrations  of  popu- 
lation and  of  industry  which  woidd  tax  any 
water  system,  especially  one  where  the  streams 
generally  do  not  carry  a  large  volume.  Every 
type  of  pollution  of  water  and  every  type  of 
demand  for  pure  water  is  found  in  the  region. 
The  cities  of  varying  size,  of  course,  require 
pure  water  for  drinking  purposes.  Nearly  all 
industries  require  it  for  condensing  purposes, 
and  the  numerous  food  industries  in  the  region 
for  reasons  determined  by  tlieir  processes.  It 
is  necessary  to  the  livestock  industry,  espe- 
cially in  the  dairy  region.  It  is  essential  to 
recreation  which  makes  so  much  of  lakes.  On 
the  other  hand,  many  of  these  institutions 
which  demand  quahty  in  water  also  pollute  it. 
especiallj^  the  cities  with  their  sewage,  and  the 
pulp,  creamers',  canning,  chemical  and  similar 
industries  with  their  industrial  wastes.  Be- 
cause in  this  region  nearly  eveiy  river  is  the 
site  of  cities  or  industries  discharging  waste, 
and  because  few  of  the  tributaries  of  the  upper 
Mississippi  carry  much  volume  of  water,  the 
problem  of  pure  water  and  sanitation  has 
become  a  pressing  one.  Even  though  the 
City  of  Chicago  can  procure  abundance  of 
satisfactory  water  for  domestic  and  industrial 
use  from  Lake  Michigan,  it  cannot  return  its 
sewage  and  waste  to  that  lake;  and  its  problem 
of  disposal  of  sewage  and  waste  is  well  known. 
One  or  another  combination  of  factors  creates 
a  problem  of  pure  water  or  pollution,  or  both, 
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in  nearly  every  section  of  the  Ipper  Mississippi 
basin. 

a.  The  Red  River  of  the  North  is  an  out- 
standing example:  The  river  is  used  generally 
by  necessity — if  financial  inability  to  create  sub- 
stitute situations  be  considered  a  compulsion — 
both  as  a  source  of  drinkmg  water  and  of  sewage 
and  other  waste  disposal  by  Wahpeton,  Fargo, 
Moorhead,  Grand  Forks,  and  lesser  cities  and 
villages.  Yet  the  rainfall  and  ran-ofl'  are  such 
that  in  periods  of  low  water  the  river  becomes 
an  open  sewer,  and  it  has  been  known  iji  the 
winter  to  freeze  to  the  bottom.  The  Red  River 
at  Grand  Forks  drains  an  area  of  25,000  sciuare 
miles;  although  in  April  1897,  it  reached  a  vol- 
ume of  43,000  o.f.s.,  in  October  1932  it  dimin- 
ished to  13  c.f.s.  It  approaches  the  former 
volume  less  frequently  than  the  latter. 

Such  a  problem  is  usually  considered  munici- 
pal; but  here  it  is  regional.  The  cities  are  un- 
able individually  or  jointly  to  solve  the  problem. 
They  are  essential  to  the  valley;  and  the  ground 
water,  generally  becoming  depleted,  also  is  es- 
sential to  the  valley.  A  draft  on  the  sub- 
surface deposits  in  quantity  sufficient  for  solu- 
tion of  the  domestic  water  and  pollution  prob- 
lem would  intensify  the  agricultural  problem. 
Here  again  we  perceive  a  problem  of  balance 
among  factors;  a  problem  which  can  be  solved 
only  as  part  of  some  comprehensive  regional 
plan. 

b.  Southern  Illmois:  Southern  Illmois  pre- 
sents a  contrast,  in  that  the  probleiu  does  not 
center  about  one  principal  stream.  Here  are 
numerous  small  streams,  of  which  the  Kaskas- 
kia  is  the  largest.  Cities  and  ^-illages  are  de- 
pendent largelj'  on  water  from  sm-face  streams, 
and  the  rural  sections  on  shaUow  wells,  both 
sources  being  in  many  instances  within  seepage 
distance  of  barnyards  and  other  unsanitary-  out- 
buildings. The  results  are  reflected  in  health 
statistics;  in  Jackson  and  Randolph  counties 
the  typhoid  death  rate  in  1932  was  19.6  and 
13.6  per  100,000,  respectively,  as  compared  with 
1.6  and  0.7  for  the  entire  States  of  Illinois  and 
of  Wisconsin.  Similar  high  rates  are  charac- 
teristic of  dysenterj'  and  other  gastro-intestinal 
diseases  caused  bj  contaminated  water  sup- 
plies. Here  again  is  more  than  a  local  problem 
from  the  point  of  view  of  local  ability  to  plan, 
finance,  and  carry  through  what  must  be  a  com- 
prehensive plan. 

c.  Chicago  and  the  Twin  Cities:  These  cities 
afford  illustrations  of  the  sanitary  problems  of 
great  industrial  cities,  and  of  the  influence  of 
such  cities  on  the  sanitary  problems  of  other 
communities,  especially  in  level  areas.     The 


problems  of  these  cities  have  been  the  subject 
of  many  hearings  and  reports,  and  of  litigation, 
and  will  not  be  detailed  here.  Attention  is 
called,  however,  to  their  illustration  of  a  prin- 
ciple which  must  be  more  fully  recognized  and 
established  in  practice  generally;  that  with 
respect  to  pollution  and  sanitation,  corrective 
and  preventive  action  must  first  be  applied  at 
headwaters  and  extended  downstream  in  one 
comprehensive  plan.  To  improve  casually 
from  the  mouths  of  streams  upward  increases 
beyond  reason  the  total  cost  of  solution  of  the 
problem  for  an  area.  The  individual  incre- 
ments of  expenditure  applied  in  a  hit  and  miss 
manner  might  well  be  beyond  individual  capaci- 
ties to  pay,  whereas  they  might  be  borne  as 
parts  of  a  regional  project.  And  the  psychol- 
ogy of  "What's  the  use?"  prevails  where  com- 
munities are  expected  to  go  it  alone. 

d.  Decentrahzed  industrial  waste:  On  many 
of  the  smaller  streams  of  the  region  are  located 
pulp  mills  and  small  food  manufacturing  plants 
which  require  pure  water.  Too  frequently 
they  discharge  manufacturing  chemicals  and 
waste  into  the  very  streams  from  which  they 
have  drawn  their  pure  water,  and  create  prob- 
lems of  sanitation  for  the  cities  and  viUages, 
and  even  the  farmers,  downstream.  This  may 
come  to  be  the  major  pollution  problem  of  the 
future.  The  large  cities,  and  indi\ddual  plants 
in  large  cities,  are  being  compelled  by  public 
opinion  to  provide  sewage  and  waste  disposal 
facilities;  but  such  improvements  may  be  in 
part  neutraUzed  by  industrial  plants  and  other 
communities.  Although  the  City  of  Peoria  has 
recently  completed  a  sewage  treatment  plant, 
there  is  an  industrial  concern  still  pouiing 
waste  into  the  river  equivalent  to  ten  times 
the  volume  of  the  raw  sewage  of  the  city. 

Wliat  stimulus  to  solution  of  the  water  supply 
and  pollution  problem  can  come  from  consider- 
ation of  it  as  more  than  a  local  problem,  and 
from  Federal  contributions  to  it  on  that  basis, 
is  illustrated  by  the  constructive  influence  of 
P.W.A.  In  this  Upper  Mississippi  region 
P.W.A.  has  made  loans  and  grants,  and  other- 
wise given  assistance  in  constructing  sewage 
disposal  and  other  w^orks,  to  107  municipalities 
whose  total  expenditures  amount  to  nearly 
$80,000,000;  and  127  municipahties  are  receiv- 
ing funds  for  municipal  waterworks  costing 
nearly  816,000,000. 

5.  Erosion:  Water  erosion  in  some  stage  of 
development  is  found  in  all  parts  of  the  region 
where  it  is  not  prevented  by  forests  and  other 
vegetative  cover,  and  where  swamps  or  wet 
lands    do    not    predominate.     Generally    its 


harmful  influence  is  not  obvious,  but  in  two 
areas  it  is  recognized  as  serious. 

a.  As  the  six  glacial  sheets  advanced  and 
receded  they  left  one  small  area  untouched — an 
area  stretching  from  southwestern  Wisconsin  to 
northeastern  Iowa,  and  from  southeastern  Min- 
nesota to  northwestern  Illinois.  Unaffected 
by  glacial  action,  and  cut  by  the  Mississippi, 
Wisconsin  and  the  smaller  streams,  the  area 
is  relatively  rugged.  It  is  in  large  part  covered 
by  loess  soils  varying  in  depth  from  three  to 
twenty  feet,  and  on  the  valley  bottoms  by 
alluvial  soils.  Fine  in  texture  and  lacking  the 
resisting  powers  of  stratified  residual  soils, 
these  soils  are  higlily  erodable,  especially  after 
spring  thaws  following  deep  freezing  have 
loosened  them;  and  erosion  progresses  rapidly 
from  the  sheet  to  the  gully  stage.  The  high 
productivity  of  tlie  soils  has  induced  the 
extension  of  tilling  up  the  slopes  to  an  extent 
beyond  the  ordinary  in  such  a  topography,  with 
the  result  that  in  the  absence  of  preventive 
measures  75  percent  of  the  farms  are  seriously 
impaired  by  erosive  action  of  the  run-off. 

b.  A  second  area  of  even  more  serious 
erosion  is  found  in  southeastern  Iowa  and 
northeastern  Missouri,  where  the  topography 
is  rolling  and  in  many  places  rugged.  The 
soils  are  fairly  productive  and  have  been  good 
crop  lands,  the  principal  crops  being  corn, 
wheat,  and  oats.  The  combination  of  rolling 
terrain,  the  loose  and  solvent  nature  of  the 
soils,  and  an  average  annual  rainfall  of  about 
34  inches  which  in  some  years  reaches  54 
inches — and  in  some  storms  a  fall  of  four  to 
six  inches  in  twenty-four  hours — has  brought 
the  area  to  an  advanced  stage  of  erosion  and 
gullying.  In  some  places  all  of  the  top  soil 
has  disappeared,  and  fully  50  percent  of  the 
farms  have  been  seriously  affected. 

In  each  of  these  seriously  eroded  areas  the 
economic  and  general  cultural  hfe  of  the  in- 
habitants has  been  subjected  to  progressive 
decline,  and  both  are  examples  of  a  challenge  to 
planning  for  a  more  rational  organization  of 
land  use,  and  for  agricultural  practices  suitable 
for  the  conditions. 

6.  Local  Floods:  Floods  of  a  catastrophic 
nature  do  not  occur  in  the  Upper  Mississippi 
region.  They  are  precluded  by  the  dominant 
physical  characteristics  already  described. 
Nevertheless,  damaging  floods  of  local  sig- 
nificance are  frequent.     (Map  D.) 

a.  Natural  floods  occur  in  the  principal 
tributaries,  which  flow  through  fairly  well- 
defined,  mostly  cultivated,  alluvial  valleys 
varying  from  one-half  to  four  miles  in  width. 


Of  annual  occurrence  are  the  early  spring 
floods,  especially  in  the  northern  part.  Here 
heavy  rainfall  and  melting  snows  find  an  easy 
run-ofi"  on  frozen  ground.  These  floods  maj* 
he  damaging  to  property  where  ice  jams  form 
in  the  rivers,  which  is  not  frequent;  but  on  the 
whole  they  are  not  serious  because  planting  has 
not  begun. 

More  serious  arc  tlie  late  spring  or  summer 
floods  of  the  more  southern  part  which  follow 
heavy,  sometimes  torrential,  rainfalls.  These 
are  known  locally  as  "gully-washers."  A 
fall  of  four  to  six  inches  in  twenty-four  hours  is 
not  uncommon,  and  eight  points  in  Iowa  have 
recorded  over  ten  inches  in  twenty-four  hours. 
The  force  of  these  rains  packs  the  soil  and  in- 
creases run-off.  In  the  more  poorly  drained 
and  wet  valleys  particularly,  the  resultant 
local  floods  may  retard  planting  beyond  the 
season  critical  for  a  good  crop.  Those  that 
occur  later  in  tlie  year  may  drown  growing 
crops. 

Such  floods  occur  cliieflj-  in  the  valleys  of  the 
Red  River  of  the  North,  the  Minnesota,  the 
Wolf -Fox,  the  lUinois,  and  the  Kaskaskia. 
Danger  of  severe  floods  on  the  upper  main 
stem  of  the  Mississippi  and  on  the  Wisconsin 
has  been  almost  eliminated  by  regulatory  works. 

Records  do  not  permit  an  estimate  of  the 
aggregate  damages  from  the  scattered  floods. 
They  take  the  fonn  of  loss  of  crops,  and  of 
damage  to  highways,  railroads,  bridges,  and 
rights-of-way,  and  occasionally  to  buildings. 
Rareh^  are  cities  and  villages  completely 
flooded.  Local  projects  for  levees  and  regu- 
lation of  channels  are  affording  some,  although 
generally  inadequate,  relief.  In  the  agricul- 
tural stretches  of  the  valleys  opinion  is  divided, 
many  farmers  conceding  it  a  fan-  deal  to  swap 
an  occasional  crop  for  alluvial  fertiUzation. 

b.  Artificial  Floods.  Recurrent  floods  result- 
ing from  the  failure  of  inadequate  or  improperly 
constructed  levees  protecting  low-lying  cul- 
tivated lands,  are  most  serious  on  the  Illinois 
River,  and  the  damage  in  some  years  has 
amoimted  to  millions  of  dollars.  This  river 
has  an  unusually  wide  flood  plain  for  its  size, 
because  it  is  the  successor  of  a  greater  river 
which  drained  some  of  the  territoiy  now  drained 
by  the  Great  Lakes  and  the  St.  Lawrence. 
The  aUu\aal  soils  of  these  flood  plains,  which 
are  highly  fertile,  have  been  protected  bj' 
levees  and  are  devoted  to  a  productive  agricul- 
ture. These  levees  have  not  been  constructed 
in  accordance  with  a  comprehensive  plan,  but 
separately  by  numerous  small  levee  and  drain- 
age districts. 
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The  average  annual  precipitation  of  the 
Illinois  basin  is  about  35  inches,  one-fourth  of 
which  appears  as  run-off;  but  in  some  years  the 
precipitation  has  amounted  to  60  inches.  In 
such  years  the  levees  fail  to  confine  the  run-off 
and  create  the  most  serious  flood  problem  of 
the  entire  Upper  Mississippi  region.  The  run- 
off range  of  the  Illinois  River  in  its  natural  state 
has  varied  from  1,000  c.f.s.  to  120,000  c.f.s., 
and  since  1848  the  basin  run-oft'  has  been  in- 
creased by  waters  diverted  from  Lake  Michigan 
for  sanitation  purposes  by  Chicago.  A  decree 
of  the  U.S.  Supreme  Court  lunits  this  diversion 
at  present  to  6,500  c.f.s.,  wliich  by  1938  must  be 
reduced  to  1,500  c.f.s. 

Below  La  Salle  the  Illinois  Valley  has  an 
average  width  of  2.5  miles.  Below  Peoria 
about  half  of  the  340,000  acres  of  overflow 
area  has  been  leveed,  the  floodway  being  from 
1,200  to  2,500  feet  wide.  The  height  of  floods 
and  the  rate  of  flow — also  the  hazards — have 
been  increased  by  the  reduced  cross-section  of 
the  river.  The  three  major  floods  of  the  past 
decade — 1922,  1926,  and  1927 — overflowed  half 
the  protected,  cultivated  land.  The  average 
annual  loss  of  recent  years  is  estimated  to  be 
$2,243,000. 

State  authorities  agree  with  the  Corps  of 
Engineers  that  the  most  rational  method  of 
flood  control  in  this  valley  involves  setting 
back  levees  to  increase  the  floodway  widths, 
raising  and  strengthening  levees,  and  relin- 
quishment of  the  remaining  bottom  lands  to 
reforestation,  bird  refuges,  and  reservoirs  for 
stream  control.  Here  Nature's  ways  have 
been  modified  by  unplanned  works  of  man  in  a 
way  not  advantageous  to  man  in  the  long  run ; 
now  engineering  and  economic  experience  indi- 
cate the  need  of  a  planned  retreat  towards 
Nature's  arrangements. 

7.  Drainage  Restoration  and  Reconstruction: 
The  Illinois  basin  is  again  selected  to  illustrate  a 
special  water  problem;  one  which  is  character- 
istic also  of  certain  headwater  areas  in  Iowa 
and  southern  Minnesota.  Many  tributaries 
of  the  lUinois  have  their  sources  in  flat,  wet 
lands  whose  fertility  has  induced  drainage 
operations  to  make  them  usable. 

This  is  accomplished  by  tiling  which  feeds 
into  open  ditches.  Drainage  and  cultivation 
have  been  under  way  so  long  that  the  effective- 
ness of  the  drains  are  beginning  to  show  evi- 
dence of  impairment  bj^  siltation.  Increase  of 
tenancy  with  its  rapid  turnover  of  occupancy 
has  caused  loss  of  many  records  and  recollec- 
tions of  the  location  of  the  tile  drains.  There- 
fore, the  region  is  approaching  the  problem  of 


redrainage,  involving  policies  as  to  what  lands 
should  be  redrained  and  what  type  of  draining 
should  be  employed.  Of  even  greater  impor- 
tance as  a  challenge  and  an  opportunity,  wiU  be 
consideration  of  the  policy  whether  waters 
should  be  rushed,  as  in  the  past,  directly  to  the 
river,  or  whether  they  should  be  put  to  new 
uses  by  retention,  where  topography  permits,  in 
decentrahzed  lakes  and  ponds,  or  by  gates  in 
the  drainage  ditches,  and  perhaps  where  prac- 
ticable made  the  bases  of  individual  or  com- 
munity supplementary  farm  irrigation. 
IV.  Creative  Opportunities 

InteUigent  reconstruction,  implied  in  the 
types  of  water  problems  which  have  been  dis- 
cussed, is  of  course  creative.  But  reconstruc- 
tion is  positively  creative  when  it  goes  beyond 
neutrahzation  of  harmful  influences  and  sets 
up  progressively  beneficial  influences.  There 
is  opportunity  for  such  creativeness  in  the 
l^pper  Mississippi  region,  and  the  beginnings 
have  been  made. 

1.  Land  Use — Zoning:  All  the  states  in  the 
region  under  consideration  now  have  more  or 
less  effective  planning  commissions.  Espe- 
ciaUy  noteworthy  is  the  progress  made  in  the 
states  of  Wisconsin  and  Minnesota  prior  to  the 
estabhshment  of  formal  planning  agencies. 

This  progress  represents  a  fairly  well  de- 
veloped pubhc  opinion,  as  is  indicated  by  Wis- 
consin's leadership  in  legislation  permitting 
the  classifying  and  zoning  of  rural  lands  within 
counties.  This  legislation  was  stimulated  pri- 
marily perhaps  by  the  problem  of  financing 
educational,  highway,  and  other  social  services 
for  marginal  and  submarginal  rural  conununi- 
ties  unable  to  maintain  them  for  themselves; 
but  it  is  Ukewise  valued  as  the  basis  for  a  gen- 
erally more  rational  pohcy  of  land  use.  A 
more  rational  policy  of  land  use  includes  con- 
spicuously in  this  region  an  intelligent  program 
of  utflization  of  or  adjustment  to  water  factors. 

2.  Recreation:  The  more  than  tliirteen  thou- 
sand lakes  and  the  numerous  small  streams 
of  the  northern  part  of  the  region  provide  the 
elements  for  further  development  of  one  of  the 
great  playgrounds  of  the  nation.  In  it  are 
possible  two  contrasting  types  of  recreational 
water  facflities: 

a.  The  lake  regions  of  northern  Wisconsin 
and  central  Minnesota  already  provide  recrea- 
tion of  the  type  preferred  by  those  who  desire 
seclusion  and  the  pleasures  of  waters  and  woods, 
yet  prefer  planned  and  regulated  recreational 
communities  which  make  available  the  sim- 
pler— and  in  some  instances  the  sophisticated — 
collective  conveniences  and  services,  and  the 


provisioning  afforded  by  neighboring  producers 
of  meat  and  vegetable  foods.  The  phmning 
here  is  one  of  preventing,  on  the  one  hand,  ex- 
clusive possession  by  a  few  owners,  and  on  the 
other  hand,  overcrowding,  annoying,  commer- 
cialized recreational  activities  that  do  not  fit, 
and  inappropriate  use  generally. 

b.  In  marked  contrast  to  the  lake  country 
are  such  areas  as  the  Arrowhead  Country  of 
northeastern  Minnesota.  Here  the  topog- 
raphy is  rugged  and  studded  with  outcropping 
crags  having  a  scanty  covering  of  soils;  and 
there  are  wild  forests  and  numerous  small  lakes 
and  small  streams.  In  it  may  be  developed 
and  preserved  those  characteristics  of  wild 
nature  which  makes  Maine  a  favorite  haunt  of 
the  hunters  and  fishermen  of  the  Atlantic 
Coast — those  who  revel  in  life  of  log  camps 
and  transportation  by  pack  and  canoe. 

3.  Forest-t  and  Game  Refuges:  The  second 
obvious  field  of  opportunity — in  tliis  instance 
of  adjustment  to,  rather  than  utilization  of, 
water  factors — is  in  respect  to  rehabilitation 
of  the  forests  and  estabhshment  of  game  refuges. 
Both  have  relations  to  a  program  of  develop- 
ment of  recreational  facilities  noted  abo\e; 
but  in  addition  there  are  vast  areas  whose 
highest  use  would  be  expressed  in  restoration 
of  commercial  timber,  and  development  and 
management  of  the  reforested  lands  in  ac- 
cordance with  best  forestry  principles  and 
practice,  so  that  they  would  eventually  become 
a  continuing  source  of  annual  income  to  the 
region. 

4.  Intensive  Inventory  of  Waters:  Miscella- 
neous constructive  utilizations  of  water  re- 
sources are  potential  in  an  intensive  quanti- 
tative and  qualitative  inventory  of  the  waters 
of  the  region.  Highly  developed  in  agriculture 
and  manufacture,  the  region  may  receive  in  the 
future  a  wide  range  of  demands  for  water  with 
respect  both  to  quality  and  quantity.  The 
waters  of  tliis  region,  for  instance,  have  an 
extraordinary  wide  range  of  variation  in  hard- 
ness. This  region  can  and  should  set  an 
example  of  how  a  water  inventory  may  be 
made  really  useful.  Every  stream,  lake,  or 
pond,  and  the  different  levels  of  the  ground 
water,  should  be  labeled  in  respect  to  their 
chemical,  temperature,  vegetative  and  similar 
characteristics,  the  quantity  available,  and  the 
uses  for  which  they  are  best  suited.  With 
such  data  maps  could  be  constructed  to  indi- 
cate locations  most  suitable  for  restoration  of 
fishing,  for  domestic  supply  reservoirs,  and  for 
manufacturing  enterprises  preferring  particular 
kinds  and  quantities  of  water.     Such  an  in- 


ventory  would    be    perhaps   the   most   useful 
single  device  for  incorporating  water  resources 
into  a  general  program  of  development. 
V.  Policy  and  Projects 

In  the  absence  of  outstanding  and  pivotal 
water  factors,  the  Upper  Mississippi  Valley 
offers,  with  one  exception,  no  defined  project 
of  magnitude  having  an  obvious  Federal 
interest. 

1.  A^avigafion:  The  exception  to  which 
reference  has  just  been  made  is  completion  of 
the  present  project  for  a  nine-foot  channel  to 
the  Twin  Cities  referred  to  in  Section  II. 
Wlnle  an  economic  justification  for  it  cannot 
be  computed  by  any  standard  bushiess  account- 
ing formula,  the  Committee  does  not  recom- 
mend its  discontinuance.  There  are  two 
reasons  for  this.  First,  it  is  part  of  a  program 
wliich  already  has  been  authorized  by  the 
Congress;  second,  there  is  a  strong  argument 
that  the  main  stem  of  the  great  river  should 
be  made  one  navigation  unit  from  its  mouth 
to  these  regionally  important  headwater  cities 
and  natural  navigation  terminals;  and,  inci- 
dentally, that  the  river  system  should  be  tied 
into  the  Great  Lakes  system. 

2.  Miscellaneous  Projects:  There  has  been 
brought  to  the  attention  of  the  Committee  a 
number  of  projects  in  this  region  which  evi- 
dence cannot  at  present  qualify  as  presenting 
an}^  large  amount  of  Federal  interest,  meri- 
torious as  they  appear  to  be  from  the  local 
point  of  view.  Among  them  are  the  Red 
Lake  dam  (flood  control  and  storage  for  dry 
seasons),  the  Lake  Traverse-Boise  de  Sioux 
dam  (flood  control  and  storage  for  cities),  the 
Mouse  River  dam  (flood  control,  pure  water 
and  sanitation),  the  Lac  Qui  Parle  dam 
(flood  control  and  storage),  and  the  Whestone 
River-Big  Stone  Lake  Reservoir  diversion 
(flood  control,  pure  water  for  municipal  use 
and  recreational  facihties).  Such  projects  ap- 
pear to  be  of  importance  from  the  local  and 
regional  point  of  view,  and  may  merit  moder- 
ate but  not  exceptional  Federal  contributions. 
It  is  the  Committee's  judgment,  however,  that 
projects  such  as  these  are  of  the  type  that 
should  be  appraised,  not  separatelj^  but  as 
elements  in  a  comprehensive  regional  plan. 

3.  The  Project  Par  Excellence:  As  project 
par  excellence,  however — for  this  region  cer- 
tainly, and  possible  for  the  entire  United 
States — the  Committee  recommends  that  im- 
mediate steps  be  taken  to  promote  the  develop- 
ment of  comprehensive  regional  planning  in  a 
manner  in  which  state,  interstate  and  Federal 
participation    are    integrated.     In    no    other 
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basin  in  the  country  does  it  happen  that  there 
exists  a  basis  for  such  a  step  equivalent  to  the 
one  offered  by  the  fact  that  practically  aU  the 
states  of  tliis  basin  are  already  inspired  by 
the  planning  concept  and  already  have  created 
appropriate  local  instrunients.  Because  of  the 
nature  and  variety  of  the  water  factors  which 
have  been  here  reviewed,  and  because  of  the 
initiative  abeady  taken  by  the  states,  regional 
planning  for  tliis  basin,  with  respect  to  research, 
definition  of  projects  and  execution,  would 
undoubtedly  be  primarily  an  affair  of  the 
states;  but  there  are  interstate  problems  and 
other  perceptible  opportunities  for  integration 
of  Federal  and  interstate  interests  and  efforts, 
in  accordance  vfiih  the  principles  and  the  tech- 


nique presented  in  the  section  on  Relations  of 
Interests  and  the  section  on  Plaiming. 

As  Aldo  Leopold  of  the  University  of  Wis- 
consin has  observed,  "Civilization  is  not  an 
enslavement  of  a  stable  and  constant  earth." 
Man  does  not  conquer  the  earth,  but  attempts 
to  enter  into  an  harmonious  relationship  with  it. 
His  response  in  this  relationship  largely  deter- 
mines the  duration  of  his  particular  civilization. 
The  absence  of  pivotal  water  factors  in  the 
Upper  Mississippi  region  permits  attention  to 
the  fact  that  a  great  variety  of  valuable  factors 
offers  opportunity  and  challenges  ability  to 
design  a  relationship  which  promises  a  high 
plane  of  human  welfare. 
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Above — An  uncontrolled  river  on  a  rampage — Looking  upstream,  the  normal  river  channel  is  at  the  right.  The 
flooded  area  extends  all  the  way  back  to  the  left:  wreckage  in  foreground;  flooded  homes  and  bridge  in  middle  distance; 
at  the  right  is  a  main  business  section  of  the  city  flooded  12  feet  deep. 

Below — The  same  river  (in  flood)  under  control — The  stucco  apartment  house  in  foreground  at  left  is  new  but  the  house 
at  its  right  is  the  same  one  shown  in  the  upper  picture.  The  buildings  at  the  right  of  the  bridge  may  be  identified  in 
both  pictures.     Flood  control  reservoirs  above  the  city  provide  this  control. 


THE    OHIO     BASIN 


I.  Natural  Features 

The  Ohio  Hirer  System:  The  Ohio  River  is 
the  hirgest,  lonjiest,  and  most  important  tribu- 
tary enterinjj  the  Mississippi  from  the  east. 
Measuied  from  its  source  in  tlie  jrhicial  iiills  of 
southwestern  New  York  to  its  junction  witli 
tlie  Mississipi^i  River  at  (^airo,  Illinois,  the 
Ohio  River  has  a  lenirtli  of  ahout  1,800  miles— 
etiuivalent  to  two-thirds  of  the  distance  between 
Chicago  and  Los  Angeles. 

In  general,  the  Ohio  River  System  has  a 
normal  treelike  pattern.  However,  the  Ten- 
nessee and  the  Cumberland  rivers,  reaching 
far  to  the  South  where  they  drain  most  of 
Tennessee,  northern  Alabama,  and  the  western 
slope  of  the  high  southern  Blue  Ridge  Moun- 
tains, join  the  Ohio  just  above  its  mouth  and 
seem  more  like  independent  river  systems  than 
tributaries. 

The  Ohio  River  System  contributes  to  the 
Mississip])i  a  minimum  flow  of  about  L'5,00() 
cu.  ft.  per  second,  a  maximum  of  about  1,500,- 
000  cu.  ft.  per  second,  and  under  ordinary 
conditions  of  neither  flood  nor  drought,  a  flow 
of  about  250,000  to  300,000  cu.  ft.  per  second, 
or  more  than  one-half  of  the  corresponding 
flow  carried  by  the  "Father  of  Waters",  just 
below  Cairo.  Throughout  most  of  the  year  the 
Ohio  and  its  major  tributaries  have  abundant 
water  for  navigation,  power,  and  domestic  and 
industrial  uses. 

During  periods  of  iniusuaily  dry  weather  the 
Ohio  gets  lower  than  is  desirable  for  opti- 
mum usefulness.  Then,  contamination  of  the 
water  supply  and  increased  difficulty  of  naviga- 
tion are  two  major  inconveniences.  Fortu- 
nately, however,  the  Ohio  itself  never  has  so 
little  water  that  navigation  is  seriously  af- 
fected, or  that  the  cities  and  towns  along  its 
banks  are  deprived  of  domestic  and  industrial 
water. 

Floods  of  average  intensity  are  common  in 
the  Ohio  River  System,  but  are  relatively  un- 
important. At  irregular  but  long  intervals — 
once  in  25  to  100  years  on  an  average — this 
system  experiences  terrific  floods  which  inun- 
date large  areas  normally  considered  safe  from 
danuige.  Flood  conditions  on  the  Ohio  have  a 
profound  effect  on  the  lower  Mississippi  River. 
During  flood  periods  the  Oliio  often  contributes 
two  thirds  (1,000,000  to  1,500,000  cu.  ft.  of 
water  per  second)  of  the  total  flood  water  car- 
ried by  the  Mississippi  just  below  Cairo. 


The  Basin — Size :  Almost  one  sixth  of  the  area  The  Ohio  Basin 
tributary  to  the  Mississippi  River  lies  within  the 
Ohio  Basin.  The  204,000  sc}.  miles  comprising 
this  Basin  would  more  than  contain  Italy,  ATTs^ 
tria,  Hungary,  and  Belgium.  Parts  of  fourteen 
States  areclrained  by  theOhio  and  its  tributaries, 
but  no  State  is  entirely  within  tiie  Ohio  Basin. 

I'hysical  Chiiractcristics:  Three  major  physi- 
cal divisions  characterize  the  Ohio  Basin. 
Rough  hills  i'lul  mountains  of  the  Appalachian 
Highland  dominate  the  east;  lower  hills  of  the 
Interior  Low  Plateaus  occupy  the  southwest; 
and  gently  sloping  glacial  lowlands  of  the  In- 
terior Plains  are  found  in  the  northwest  and 
north.  A  considerable  variety  cf  topography  is 
found  in  this  part  of  the  Appidacbian  Highland. 
The  Blue  Ridge  Province  in  eastern  Tennessee 
and  western  North  Carolina  has  the  liighest 
mountain  in  the  eastern  half  of  the  L^nited 
States.  Just  west  of  the  Blue  Ridge  in  eastern 
Tennessee  and  southwestern  Virginia  is  the 
narrow  Valley  and  Ridge  Province.  Long, 
symmetrical,  parallel  ridges  give  this  Pro\-ince 
a  unique  appearance.  Most  streams  flow  in 
fairly  straight  lines  along  the  valleys  between 
these  folded  ridges.  Next  to  the  west,  and 
trending  in  the  same  northeast-southwest 
direction,  he  the  irregular,  varied  Appalachian 
Plateaus.  During  the  long  ages  since  these 
plateaus  were  uplifted,  streams  have  been 
actively  cutting  and  enlarging  valleys.  In 
eastern  Tennessee,  eastern  Kentucky,  West 
Virginia,  and  southern  Pennsylvania,  where 
the  old  plateau  was  liigh,  the  present  topog- 
raphy is  mountainous  in  aspect.  Farther 
north  in  Pennsylvania  and  southern  New 
York  the  surface  is  hilly  but  less  rugged. 

In  elevation  and  relief  the  Interior  Low 
Plateaus  wliich  cover  the  southwestern  part  of 
the  Ohio  Basin  in  central  Kentucky  and  Ten- 
nessee are  intermediate  between  the  Apjia- 
lachian  Highland  and  the  Interior  Plains. 
Streams  throughout  the  Low  Plateaus  gener- 
ally are  svdft  and  occupy  comparatively  steep- 
sided,  narrow  valleys.  In  the  Lexington  Plain 
and  the  Nashville  Basin,  however,  the  surface 
is  more  level  and  the  Cumberland  and  the 
Kentucky  rivers  flow  slowly. 

Western  Ohio,  central  Indiana,  and  south- 
eastern Illinois  comprise  a  distinctive  part  of 
the  Ohio  Basin.  This  area,  a  part  of  the  Inte- 
rior Plains,  diflers  strikingly  from  the  hilly  and 
mountainous  eastern  and  southern  parts  of 
the  Basin.  Natural  conditions  here  are  so  well 
suited  to  agriculture  that  tliis  area,  despite  its 
dominant  urban  population,  is  the  Ohio  Val- 
ley's   leading    farming    region.     The    eastern        143 
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Rainfall  map  for  the  Ohio  Basin. 


third  of  the  famous  "Com  Belt"  occupies  most 
of  that  part  of  the  Basin  north  of  the  Ohio 
River. 

Soils:  Practically  all  soils  in  the  Basin  arc 
of  the  light  colored,  leached  type  charac- 
teristic of  forest  areas.  The  silty  glacial  loams 
of  the  northern  plain  are  least  seriously 
leached  because  they  are  newer  than  the 
residual  soils  of  the  south  and  east.  Deep 
silty  loams  also  are  found  in  the  limestone  areas 
of  the  Le.xington  Plain,  the  Nashville  Basin, 
and  the  Valley  of  East  Tennessee.  In  the  hill 
and  mountain  country,  by  contrast,  soils  are 
washed  down  slopes  almost  as  fast  as  they  are 
formed.  Alluvial  soils  of  great  depth  and 
fertility  occur  in  narrow  bands  along  the  flood 
plains  of  the  Ohio  River  up  to  "Wlieeling  and 
along  the  lower  reaches  of  the  Wabash,  the 
Miami,  the  Scioto,  tlie  Tennessee,  and  the 
Cumberland  Rivers. 

Precipitation:  Normal  annual  precipitation 
in  the  Basin  ranges  from  35  inches  to  shghtly 
more  than  50  inches.  The  Northern  District, 
including  that  area  adjacent  to  and  north  of 
the  Ohio  River,  receives  from  35  to  40  inches 
in  east  central  Illinois,  central  Indiana,  and 
Ohio.  Southeastern  Illinois,  southern  Indiana, 
northern  Kentucky,  and  northwestern  West 
Virginia  usually  get  from  40  to  45  inches. 
Even  more  humid  conditions  prevail  in  the 
Southern  District.  Precipitation  in  hilly 
southern  Kentucky,  central  Tennessee,  and 
southern  West  Virginia  amounts  to  45  to  50 
inches,  while  the  Blue  Ridge  Mountains  in 
westernmost  North  Carolina  get  over  60 
inches. 

Unfortunately  for  the  users  of  water,  few 
years  have  "normal"  or  "average"  precipita- 
tion. The  maximimi  recorded  precipitation 
in  the  Ohio  Basin  ranges  from  50  inches  in 
eastern  Illinois  to  HI  inches  in  the  south- 
western mountains.  Minimum  extremes  also 
have  a  patchy  distribution,  but  in  the  Northern 
District  the  general  range  is  from  25  to  30 
inches,  while  in  the  Southern  District  it  is 
from  30  to  35  inches.  As  little  as  20  inches  of 
rain  and  snow  have  fallen  in  eastern  Illinois. 

Agriculture,  a  major  industry  in  the  Basin, 
largely  depends  on  the  quantity  of  rainfall 
during  the  April-July  crop-growing  season. 
Average  conditions  for  this  period  show  a  gen- 
eral range  of  from  14  to  16  inches  in  the 
Northern  District,  and  from  16  to  18  inches  in 
the  Southern  District.  This  precipitation  is 
adequate  for  most  crops,  including  com.  Dur- 
ing the  driest  year  on  record,  however,  the 


agricultural   plains   of   the   Northern   District        The  Ohio  Basin 
received  only  about  half  of  their  normal  early 
sumumer  precipitation.     In  spite  of  these  occa- 
sional drj"  periods,  scnious  rainfall  deficiency  is 
comparatively  rare. 

Natural  Vegetation:  Tall  prairie  grass  was 
the  natural  vegetation  of  interstream  areas  in 
the  upper  Wabash  Basin  in  eastern  Illinois  and 
west  central  Indiana.  All  other  sections  of 
the  Ohio  Basin,  even  the  famous  Blue  Grass 
region,  were  originally  covered  by  forests. 

Forests:  The  Ohio  Basin  is  situated  in  the 
heart  of  a  great  belt  of  hardwood  forests  once 
unexcelled  in  any  other  temperate  region. 
The  trees  of  these  primeval  forests  were  dis- 
tinctive because  of  their  number,  large  size, 
commercial  utility,  rapid  growth,  and  vigorous 
reproductive  powers.  Several  diversified  forest 
types  are  represented:  (1)  the  spruce-fir  asso- 
ciation of  the  highest  elevation,  (2)  the  oak- 
hickory  in  the  southern  plateau  area,  (3)  the 
beech-maple  of  the  northwestern  plains,  and 
(4)  various  lowland  types  along  major  water- 
courses. 

At  present  approximately  38  percent  of  the 
Oliio  Basin  land  area  is  classed  as  forest,  about 
ten  percent  of  which  has  been  so  devastated 
that  it  produces  little  or  nothing  of  even  poten- 
tial value.  In  the  entire  Basin  the  standing 
timber  large  enough  for  the  saw  probably 
aggregates  about  40  to  50  billion  feet.  This 
is  less  than  the  amount  of  lumber  used  in  this 
country  during  one  year. 

Few  regions  possess  such  favorable  natural 
conditions  for  forest  restoration  and,  giving 
full  consideration  to  all  other  uses,  there  will 
always  remain  a  large  proportion  of  the  Basin's 
area  better  suited  to  forests  than  to  other 
types  of  land  utilization. 

Other  Natural  Resources:  The  natural  re- 
sources of  the  Ohio  Basin  characterize  it  as  a 
logical  center  for  agriculture  and  industry. 
Climatic  conditions  are  favorable.  The  de- 
pendable rainfall  is  reflected  in  a  generally 
adequate  water  supply,  which  may  be  rated  as 
one  of  the  Basin's  most  valuable  natural 
resources.  However,  water  is  only  one  of  the 
many  valuable  resources  that  have  stamped 
the  Basin  as  a  mining  and  manufacturing 
center.  Bituminous  coal  is  present  in  great 
abundance  and  at  widely  separated  points. 
Building  stone,  sand  and  gravel,  glass  and 
foundry  sand,  clay  deposits,  and  most  of  the 
fluorspar  produced  in  the  United  States  are 
found  in  the  Basin.  In  addition,  there  are 
witliin  the  Olrio  Valley,  or  close  by,  large  quan-        14.) 


The  Ohio  Basin  tities  of  iron  and  copper  ores,  lead,  zinc, 
bauxite,  sulphur,  gypsum,  petroleum,  salt, 
timber.  Such  assets  indicate  that  mining  and 
manufacturing  always  will  be  outstanding 
occupations  in  the  Ohio  Basin. 

Considering  the  stable  character  of  agricul- 
ture and  manufacturing  in  this  territory,  the 
obvious  conclusion  is  that  here,  if  anywhere, 
exists  an  opportunity  imder  most  favorable 
circumstances  for  development  of  cooperation 
in  these  two  fields. 


Table  /  lists  the  production  and  use  of  a  few 
more  important  natural  resources  indicating 
the  relation  which  Ohio  Basin  production 
bears  to  that  of  the  United  States;  also  the 
approximate  distribution  of  these  materials  in 
(1)  the  Ohio  Basin,  (2)  the  Mississippi  Basin, 
(3)  the  United  States.  In  this  connection  it 
is  interesting  to  note  that  the  population  of  the 
Ohio  Basin  is  about  14  percent  of  that  of  the 
whole  country,  and  the  corresponding  percent- 
age of  area  is  about  7  percent. 


Table 
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production  and  use  of  natural  resources 


Production  in  United  States  in  1929 

Production  in  Ohio  Basin  in 
1929 

"Sd°' 
states  pro- 
duction in 
Ohio  Basin 

Percent  of  Ohio  Basin  production  used 
(estimated) 

Estimated  tons 

Estimated 
value 

Estimated 
tons 

Estimated 

In  Ohio 
Basin 

In  Missis- 
sippi Basin 

In  United 
States 

All  other 
(includin 
export) 

Coal  1 

535,000,000 

100,000,000 

40,000,000 

222,000,000 

4,347,020 

140,000 

"1,943,000.000,000 

8,500,000 

'36,886,000 

$953,  000, 000 
115,000,000 
89,000,000 
133.000,000 
14,800,000 
2,700,000 
!416, 100,000 
27,000,000 
993,000,000 

350,000,000 
27.000,000 
35,000,000 
36,000.000 
1,200,000 
133,000 
!  335,  000, 000,  000 
1,250,000 
'2,500,000 

1 

50-60 
40 
40 
95 
100 
30 

80-90 
95 
96 

60-70 
80 
60 
95 
100 
35 
8(>-90 
95 
100 

97 
99 
100 
100 
100 
lUO 
100 
100 
100 

31,000,000 
50,000,000 
30,000.000 
3.100,000 
2,  565,  000 
58,000,000 
3,000,000 
89  000,000 

27 
56 
23 
21 
9,5 
14 
11 
9 

other  stones 

Sand  and  gravel... 

0 
0 

Natural  gas 

0 

'  These  figures  are  for  bituminous  coal.    In  1929,  73,828,195  tons  of  anthracite  were  produced  and  valued  at  $385,643,000.    01  this  probably  : 
worth  $681,000,  was  produced  in  Ohio  Basin. 
2  Cubic  feet. 
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<  Thousand  feet  board  mea.'^ure. 
I.  Cultural  Features 

Agriculture:  Approximately  53  percent  of 
the  area  of  the  Ohio  Basin  is  in  crops  or  pasture, 
and  the  rainfall  is  so  dependable  that  a  serious 
crop  failure  is  of  rare  occurrence.  Of  the 
cultivated  area,  roughly  40,000,000  acres, 
about  30  percent  is  in  corn,  20  percent  in  hay, 
about  20  percent  in  wheat  and  oats  and  other 
grains,  2  percent  in  tobacco,  and  the  remainder 
in  miscellaneous  crops  and  garden  truck.  A 
fair  annual  value  of  Ohio  Basin  crops  is  approx- 
imately $1,000,000,000  and  another  billion 
would  represent  the  annual  value  of  livestock 
and  dairy  products. 

Striking  contrasts  in  pattern  and  in  crops 
differentiate  farming  areas  in  the  Northern 
District  from  those  in  the  Southern.  Broad 
rolling  fields  on  the  northern  plain  produce 
corn,  oats,  hay,  garden  truck,  poultrj',  beef, 
and  dairy  products  in  commercial  cpiantities. 
In  the  scattered  lowlands  of  the  Southern 
District  commercial  farmers  raise  tobacco  and 
cotton,  but  small-scale  production  of  corn, 
hogs,  and  vegetables  for  local  consumption  is 
common  in  the  extensive  hill  areas. 

With  a  farm  population  of  some  5,000,000 
people,   it  is    estimated    that    no    less    than 


1,500,000  are  du-ectly  engaged  in  agricultural 
pursuits.  Assuming  the  dangers  of  soil  erosion 
will  be  recognized  here  as  elsewhere  and  that 
proper  means  will  be  generally  adopted  to 
secure  tangible  results  in  soil-erosion  control, 
the  continuation  of  successful  agricultural  oper- 
ations here  seems  assured. 

Land  Ownership:  Virtually  all  land  in  the 
Basin  is  privately  owned.  No  unappropriated 
pubhc  lands  remain,  and  there  are  compara- 
tively few  National  Forests  or  other  reserva- 
tions. From  the  standpoint  of  private  land 
ownership  two  districts  may  be  recognized — 
(1)  the  Northern  District,  including  that 
territory  bordering  and  north  of  the  Ohio 
River,  and  (2)  the  Southern  District,  including 
most  of  the  hill  and  mountain  country. 

The  Northern  District  is  about  60  percent 
urban  and  40  percent  rural.  More  than  half 
the  city  dwellers  own  their  residences,  and 
about  three-quarters  of  the  farm  operators  hold 
title  to  their  land.  Between  1920  and  1930 
there  was  a  marked  decrease  in  the  proportion 
of  tenant  farmers.  One  hundred  acres  is  the 
average  farm  size. 

Markedly  different  conditions  characterize 
the  Southern  District.     Here  the  population 


is  about  70  percent  rural  and  30  percent  urban. 
Far  less  than  half  the  comparatively  few  city 
folk  ovvn  their  homes,  and  only  about  60  per- 
cent of  farm  operators  are  also  owners.  Farm 
tenancj'  here  showed  a  gain  of  about  7  percent 
between  1920  and  1930.  Farms  average  about 
80  acres,  but  many  of  them,  especially  those  in 
the  hill  country,  have  considerable  areas  not 
suited  for  cropping. 

Manufactures:  During  1929  the  22,000  or 
more  factories  in  the  Basin  employed  about 
1,250,000  persons  and  produced  goods  valued  at 
$9,000,000,000. 

As  would  be  expected,  iioii  and  steel  prod- 
ucts head  the  list  with  a  value  of  more  than  a 
billion  dollars,  approximately-  one-third  of  the 
entire  production  of  the  United  States  in  that 
classification.  Rubber  products  showed  a 
value  of  well  over  $300,000,000,  motor  vehicles 
and  accessories  were  valued  at  some  $400,- 
000,000,  foundries  and  machine  shops  produced 
nearly  $400,000,000  worth  of  output,  railroad 
cars  and  repairs  ran  close  to  $300,000,000,  and 
electrical  macliinery  was  worth  $250,000,000  to 


$300,000,000.  Meat  products,  paper,  printing 
and  publishing,  tobacco  products,  knit  goods, 
furniture  are  also  important  industries.  Di- 
versification of  manufactured  products  in  this 
region  is  so  wide  that  there  are  few  classifica- 
tions hsted  in  the  Census  of  Manufactures  not 
represented  to  an  important  degree  in  the  out- 
put of  Ohio  Basin  factories.  This  very  di- 
versification makes  for  stabihty  of  these  manu- 
facturing industries.  The  Basin  includes  the 
center  of  manufactures  of  the  country  as  well  as 
the  centers  of  population  and  of  consumption. 
A  complete  reversal  of  trends  and  procedures 
would  be  necessary  to  justify  any  doubt  as  to 
the  industrial  future  of  this  region. 

Table  2  lists  a  few  of  the  more  important  man- 
ufacturing classifications  in  the  Ohio  Basin  with 
values  of  products  for  the  year  1929,  relation  of 
output  to  that  of  the  country  as  a  whole,  and  ap- 
proximate distribution  of  these  products  (1)  in 
the  Ohio  Basin,  (2)  in  the  Mississippi  Basin,  and 
(3)  within  the  United  States.  This  tabulation 
alone  indicates  the  importance  and  stabihty  of 
the  Ohio  Basin  as  a  manufacturing  region. 
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Table  2. — Ohio  Basin,  production  and  use  of  manufactured  products 


Production  in  United  States 
in  1929 

Production  in  Ohio  Basin 
in  1929 

prodlic- 

Ohio 
Basin 

Percent  of  Ohio  Basin  production  used 
(estimated) 

Estimated 

Estimated 
value 

Estimated 
tons 

Estimated 
value 

In  Ohio 
Basin 

In  Mis- 
sissippi 
Basin 

In  United 
States 

All  Other 
(including 
export) 

Iron  and  steel  products: 

Steel  ingots  and  casting 

156,435,000 
141,039,000 

(<) 
W 
(<) 
W 
(') 

7,600,000 
(<) 
(') 
(<) 
(') 

|"$3,365,000,000 
5,360,000,000 

2, 791, 000,  oa 

1, 184,  000,  OOC 
2,300,000,000 
1. 107,  000.  000 
3,  435,  000.  000 
1,738,000,000 
948,000.000 
899.  000.  000 
1,246,000,000 

!  '  30,000,000 
1  1  23,000,030 

(') 

(') 

(<) 

(') 

(*) 

680.000 

(<) 

(') 

(') 

(') 

!$1.  250,  000.  OOC 

410,000,000 
380,000,000 
262,000,000 
270,000,000 
310,000,000 
275,000,000 
183,  000,  000 
141,000,000 
146,000.000 
190,000,000 

353 
37 

3  56 
8 
14 
22 
12 
28 
8 
11 
15 
16 
15 

27 

32 
25 
30 
20 
100 
40 
40 
85 
20 

49 

50 
55 
50 
55 
40 
100 
80 
95 

To 

99 
98 
99 

96 
100 
99 
99 
99 
97 

2 

Motor  vehicles  etc 

Foundry  and  machine  shops 

Meat  products 

Furniture,  etc 

Knit  goods 

Gross  tons  of  2,240  pounds, 
•Estimated  value  of  all  iron  and  steel  products 


Based  on  tonnages.    Other  figures  basi 
'  Not  applicable. 


Transportation:  No  large  region  in  the 
United  States  can  boast  better  or  more  varied 
transportation  facilities  than  those  serving  the 
Ohio  Basin.  Railroads,  highways,  and  water- 
ways all  have  been  developed  to  a  liigh  stage  of 
efficiency.  Because  of  tliis  condition  there  is 
in  this  region  an  unusual  opportunity  for  the 
coordination  of  various  transportation  media. 

Railroads:  Railroads,  the  basic  American 
transportation  agency,  serve  all  of  the  more 
important  sections  of  the  Basin.  In  the  pros- 
perous and  productive  Northern  District  every 


city,  town,  and  farm  is  on  or  near  at  least  one 
railroad.  Main  lines  and  branches  are  so  close 
together  and  run  in  such  a  variety  of  directions 
that  they  cover  this  District  like  a  net.  A 
reasonable  number  of  rail  lines  serve  the  im- 
portant centers  in  the  Southern  District. 

Both  through  and  loc.il  freight  are  handled 
in  tremendous  quantities  by  railroads  serving 
the  Ohio  Basin.  Much  of  the  heavy  traffic 
between  the  Atlantic  Seaboard  and  the  Middle 
West  and  West  crosses  this  territory.  A  con- 
siderable quantity  of  manufactured  goods  from 
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The  Ohio  Basin  industrial  centers  on  the  Great  Lakes  also 
crosses  the  Basin  on  its  way  to  the  agricul- 
tural South. 

Highways:  Highways,  of  course,  are  much 
more  numerous  in  the  Ohio  Basin  than  are 
railroads.  Splendid  surfaced  roads  criss-cross 
the  relatively  level  Northern  District.  Prac- 
tically every  farm  in  this  area  has  an  automo- 
bile, so  even  the  less  important  roads  are  kept 
in  good  condition.  Less  adequate  road  sys- 
tems are  characteristic  of  the  Southern  Dis- 
trict. Here  state  and  Federal  appropriations 
maintain  satisfactory  highways  between  major 
centers  of  population.  In  less  prosperous  hill 
counties,  by  contrast,  roads  commonly  are 
poorly  graded,  and  usually  are  in  need  of 
repair. 

Motor-truck  traffic  is  of  unusual  significance 
in  the  Oliio  Basin.  The  closely  spaced  indus- 
trial centers  of  the  Northern  District  produce 
much  short-haul  business  ideally  suited  to 
motor  transportation.  Although  trucks  handle 
far  less  tonnage  in  the  Southern  District,  they 
here  perform  a  valuable  social  function.  No 
other  means  of  transportation  can  so  efficiently 
deliver  supplies  to  the  more  isolated  part  of  the 
hill  country. 

Waterways:  For  more  than  a  century  the 
Ohio  River  System  has  ranked  as  one  of  our 
major  inland  waterways.  In  addition  to  the 
Ohio  proper,  numerous  tributaries  have  been 
improved  for  navigation  at  a  cost  of  some 
$240,000,000.  The  project  depth  for  the 
Ohio  is  nine  feet;  that  for  the  tributaries  now 
averages  about  six  feet,  but  the  more  important 
ones  are  being  improved  to  offer  facilities  com- 
parable with  those  on  the  main  stream. 

Modern  demand  for  speed  has  driven  most 
of  the  picturesque  old  steam-packets  off  the 
river  and  their  package  freight  to  the  railroads. 
Private  carriers — ^largely  coal  and  steel  com- 
panies— now  transport  more  than  95  percent  of 
the  total  commerce  on  the  Ohio  River.  Most 
of  this  traffic  moves  over  only  small  sections  of 
the  available  waterway.  However,  the  freight 
carried  by  the  entire  Ohio  River  System  in  1929 
was  40,000,000  tons,  and  the  yearly  ton-mile- 
age, in  a  good  year,  reaches  a  total  of  over 
3,000,000,000. 

Population:  At  present  the  estimated  popula- 
tion of  the  entire  Ohio  Basin  is  about  17,000,- 
000.  Both  the  United  States  and  the  Missis- 
sippi Valley  as  a  whole  have  an  average  popu- 
lation density  of  about  40  per  square  mile,  but 
the  Ohio  Basin,  in  1930,  had  an  average  popu- 
148        lation  density  of  85  per  square  mile. 


Growth:  For  many  decades  the  population 
of  this  region  has  shown  a  steady,  normal  type 
of  increase.  In  1 900  the  Ohio  Basin  had  about 
12,250,000  inhabitants;  by  1910  this  had  in- 
creased to  13,250,000;  in  1920,  partly  as  a 
result  of  the  war-time  industrial  boom,  the 
total  rose  to  15,500,000,  and  during  the  ten 
years  between  1920  and  1930  the  total  was 
raised  to  about  17,000,000. 

Distribution:  No  large  areas  with  scanty 
population  are  found  in  the  Ohio  Basin.  Ex- 
cept for  a  few  scattered  patches,  chiefly  in  hills 
and  mountains,  all  ot  tliis  region  has  a  popula- 
tion density  of  more  than  25  per  square  mUe. 
Rouglily,  two-thirds  of  the  total  population 
live  in  the  urban,  industrial  Northern  District, 
and,  for  the  whole  Basin,  about  the  same  pro- 
portion lives  in  cities  and  towns.  The  largest 
area  of  dense  population  is  in  and  around  Pitts- 
burgh, but  other  cluef  cities  also  are  centers  of 
close  settlement.  Major  coal  fields  in  south- 
ern West  Virginia  and  eastern  Kentucky  con- 
stitute the  only  densely  inhabited  hill  areas. 
Certain  especially  favorable  agricultural  re- 
gions have  more  than  50  people  per  square 
mile,  but  ordinary  farm  areas  range  from  25 
to  35. 

Trends:  The  Ohio  Basin  is  one  of  the  most 
broadly  developed  and  most  stable  areas  in 
the  entire  United  States.  Here  there  is  little 
evidence  of  the  ebb  and  flow  characteristic  of 
the  western  edge  of  the  Mississippi  Valley. 
Between  1920  and  1930,  however,  two  major 
trends  can  be  recognized  in  the  movement  of 
population.  All  of  the  manj'  larger  cities  of 
the  region  and  the  coal-mining  areas  of  eastern 
Kentucky  and  southern  West  Virginia  show 
large  increases  (from  15  to  75  percent)  in  num- 
ber of  inhabitants.  Most  agricultural  coun- 
ties, by  contrast,  registered  either  compara- 
tively small  gains  or  actual  losses.  Such  move- 
ments reflect  the  urban  lure  during  a  period 
of  industrial  overemphasis.  In  spite  of  these 
trends,  few  sections  of  the  country  have  shown 
fewer  population  movements  of  significance. 

An  abrupt  decline  in  the  rate  of  population 
increase  for  the  country  as  a  whole  makes  it  un- 
wise to  use  past  figures  as  a  basis  for  predictions. 
It  seems  probable,  however,  that  the  era  of  rapid 
city  growth  is  about  over,  and  that  agricultural 
areas,  especially  those  near  industrial  centers, 
and  those  best  suited  for  general  farming, 
should  show  definite  increases  in  number  of 
inhabitants.  Future  population  changes  prob- 
ably will  be  the  result  mainly  of  shifts  prompted 
by  climatic  or  other  similar  advantages,  favor- 


able  living  conditions,  lower  costs  of  produc- 
tion and  distribution,  or  a  desire  to  take  ad- 
vantage of  equitable  taxation  systems  or  other 
governmental  efficiencies. 

Standards  of  Living:  Considered  as  a  group, 
the  Ohio  Basin  people  enjoy  a  standard  of 
living  equal  to  or  slightly  above  the  national 
average.  As  in  the  case  of  land  ownersliip, 
however,  the  Basin  falls  into  two  Districts — 
a  Northern  District  and  a  Southern  District — 
each  of  which  has  contrasting  standards  of 
hving.  In  the  Northern  District  the  standard 
is  definitely  better  than  average.  Earnings 
per  employee  in  all  industries  run  about  10 
percent  above  those  for  the  country  as  a  whole. 
Relatively  high  incomes  are  especially  typical 
of  dominant  manufacturing  industries.  Al- 
though the  average  income  per  farm  usually  is 
slightly  below  that  of  the  entire  nation,  it 
is  comparatively  free  from  violent  fluctuations. 
General  prosperity  is  reflected  in  the  large 
number  of  automobiles,  telephones,  and  radios, 
as  well  as  in  high  per  capita  retail  sales,  high 
rents,  and  high  values  of  homes. 

Distinctly  lower  standards  of  living  prevail 
in  the  Southern  District.  The  average  income 
for  both  industrial  and  agricultural  workers  is 


perhaps  20  percent  less  than  that  for  the  nation        The.  Ohio  Raair 

as  a  whole.     However,  it  shoidd  be  pointed  out 

that  the  poorest  hill  areas  have  so  few  people 

that  they  have  only  a  small  influence  on  general 

living  conditions  in  the  entire  Basin. 

III.  Flood  Control  ^ 

Importance:  The  Ohio  River  is  the  principal  \/ 
flood-producing  tributary  of  the  Mississippi. 
Records  show  no  major  floods  in  the  Mis- 
sissippi, when  the  peak  discharge  of  the  Ohio 
has  been  less  than  1,000,000  to  1,250,000  cu. 
ft.  per  second.  During  such  floods,  the  Ohio 
not  only  contributes  very  largely  to  the  flood 
damage  along  the  lower  Mississippi,  but  local 
flood  damage  along  the  Ohio  and  its  tributaries 
is  a  matter  of  common  knowledge.  Flood 
abatement  on  the  Ohio  system,  therefore,  is  of 
unusual  importance  from  the  point  of  view  of 
general,  as  well  as  local,  considerations. 

Existing  Projects:  The  Ohio  Valley  already 
has  in  operation  a  large  number  of  local  flood- 
control  projects.  Table  3  lists  34  of  such 
projects,  the  total  cost  approximately  $45,- 
000,000j^  all  of  which  was  furnished  by  local 
bjmeficiaries,  except  about  $1,500,000  as  noted. 
None  of  these  have  any  regulating  effect  on  the 
flood  flows  of  the  Ohio. 


Table  3.~Ohio  Basin— Existing 

flood  control  projects 

Location  of  project 
(1) 

River  system 
(2) 

Type  of  protection 
(3) 

Degree  of 
protection 

(4) 

Approxi- 
mate cost 

(S) 

Remarks 
(6) 

Complete, 
—do .- 

Partial.... 
...do 

Complete. 
Partial— 
...do.. 

...do 

...do 

—do 

...do 

...do 

—do - 

...do 

...do 

Complete.. 

-.do 

...do 

Partial—. 

$320,000 
529,000 

745,000 
145,000 

300,000 

413,000 

5,652,000 

549,000 
569,000 

170,000 
128,000 
136,000 
220,000 

780,000 

158,000 
.30.  000,  000 

666,200 
3,500,000 

75.000 

Shawneetown.  HI 

Flood  wall  and  levee. 

U  S   and  State  contributed  about  50  percent 

of  cost. 

Jeffersonville,  Ind.  and  Lawrence- 
burg,  Ind. 

do 

Levees 

Flood  wall  and  levee, 
do 

Jeffersonville  levee  buUt  by  U.S.,  cost  $50,000. 

Peru.  Ind 

do 

West      Fork     of 

White. 
Wabash 

Channel    improve- 
ments. 

Levee. 

do 

..—do.... 

do 

do 

U.S.  participation  about  $865,000  (C.W.A.). 
U.S.  participation  about  $46,000  (C.W.A.). 

U.S.  participation  about  $57,000  (C.W.A.). 

U.S.  participation  about  $5,500  (C.W.A.). 
U.S.  participation  about  .$7,000  (C.W.A.). 

U.S.  participation  about  $170,000  (C.W.A.). 

Russell  and  Allison  Drainage  and 
Levee  District. 

Oaktown  Levee  District.... 

Gill  Township  Levee  District 

Island  Levee  Association 

McGinnis  Levee  District 

-—do..... 

do 

West      Fork      of 

White. 
Wabash 

15  additional  projects  on  Wabash 
River  and  tributaries. 

Miami  System,  Ohio     

Miami 

Retarding       hasins 
and   channel   im- 
provements. 

Drainage  channel... 

Channel     improve- 
ment. 

Flood  wall  and  levee. 

Columbus,  Ohio 

do 

Muskingum 

Two  projects  '  in  the  Ohio  Basin  have  been 
authorized  bv  the  Pubhc  Works  Administration 


»  This  does  not  include  the  program  of  the  Tennessee  Valley  Authority . 
which  is  being  developed  under  a  special  enabling  act  and  is  essentially 
outside  the  scope  of  this  report. 


and  are  now  under  way.  One  of  them,  the 
Tygart  reservoir,  because  of  the  large  Federal 
interest,  is  being  financed  by  the  Federal 
Government.     The  other,  the  Muskingum  proj-        149 
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Typical  flood-cuiitrol  dam,  125  fwt  high.  The  ri\er  is  at  iiornial.  When  flood  comes  the  flow  through  the  dam  is 
limited  by  outlets  at  lower  right;  excess  flood  flow  is  held  back  in  the  natural  basin  above  the  dam.  When  the  storm 
is  over  the  basin  is  immediately  emptied  again,  ready  for  the  next  Hood.  Thus  the  river  valley  downstream  from 
the  dam  is  protected  against  flocd  damage  at  all  times. 


(H-t  (14  losorvoirs  sufjplemented  by  (■Iniiincl 
improvonicnts)  is  beino-  fiiuuiced  jointly  l)y  the 
Fedeial  (lovernnient  aiui  tbe  MtisUinguin  Con- 
servancy District  in  a  proportion  based  on 
allocation  of  benefits.  The  Muskingum  proj- 
ect will  have  a  measurable  effect  in  reducing 
flood  crests  on  the  Ohio.  The  estimated  cost 
of  these  two  projects  approximates  $4(5, ()()(),()()() 
(present  authorizations). 

Possibility  oj  Reservoirs  on  Main  Hirers: 
When  considering  the  most  effective  jjlan  for 
control  of  Ohio  floods,  so  as  to  have  tiie  most 
beneficial  effect  on  the  floods  of  the  Mississippi, 
a  control  reservoir  on  the  main  stem  of  the 
Ohio  is  the  flrst  thought  that  suggests  itself. 
But  analysis  immediately  reveals  the  inherent 
difficulties.  Water  stages  at  different  points 
along  the  river,  low  to  high  water,  range  from 
about  40  to  70  feet.  In  other  words,  the  river 
valley  is,  itself,  in  times  of  flood,  a  vast  retard- 
ing basin  or  reservoir  with  an  efl'ective  depth  of 
40  to  70  feet.  A  control  dam,  then,  would 
have  little  merit  until  after  its  height  exceeded 
that  necessary  to  })ring  it  above  the  low  water 
stage  as  much  as  40  to  70  feet,  depending  on  its 
location  along  the  river.  Then,  to  be  effective 
in  control  of  big  floods,  it  would  need  a  capacity 
large  enough  to  hold  back  a  large  part  of  a  flow 
as  great  as  1,000,000  cu.  ft.  per  second  for  a 
period  of,  perhaps,  10  to  30  days.  This  would 
require  a  capacity  of  15,000,000  to  20,000,000 
acre-feet,  a  volume  of  water  that  woidd  cover 
an  area  of  l,5il{)  s(|uarc  miles  to  a  depth  of  1.")  to 


20  feet.  Because  of  the  development  of  com- 
munities along  the  Ohio  it  is  probable  that  any 
such  project  would  cause  backwater  flood  dam- 
age that  would  more  than  ofl'set  any  anticipated 
benefit  downstream.  The  one  or  two  possible 
sites,  immediately  suggest  prohibitive  cost 
figures.  While  no  flood-control  study  of  the 
*)hio,  in  relation  to  the  Mississippi,  would  be 
complete  without  an  investigation  of  the  fore- 
going possibility,  all  preliminary  considerations 
make  it  look  extremely  unpromising.  In  any 
case  it  may  be  said  with  some  assurance  that 
tributary  control  is  the  only  possibility  that 
offers  hope  for  efl'ective  Hood  control  generally 
in  the  Ohio  Basin. 

Tributary  Control:  It  is  by  tributary  con- 
trol, combined  perhaps  with  local  levee  sys- 
tems, that  local  communities  may  expect  to 
obtain  a  solution  of  some  of  their  local  flood 
problems.  Flood  storage  reservoirs  on  the 
tributaries  may  well  have  a  secondary  effect  of 
reducing  flood  crests  on  the  Ohio  (the  Muskin- 
gum project  has  such  effect)  and  it  is  con- 
ceivable that  the  combined  eft'ect  of  such 
projects  might  have  a  measurable  effect  on 
the  Mississippi  at  and  below  its  confluence 
with  the  Ohio. 

Proposed  Projects:  A  large  number  of  such 
possibifities  have  been  investigated  and  are 
discussed  in  the  "308  Reports"  of  the  Corps  of 
Engineers.  Table  4  gives  pertinent  data  con- 
cerning 13  reservoirs  which  appear  to  deserve 
recommendation  for  inclusion  in  a  coordinated 
flood-control  plan  for  the  Ohio  Basin. 
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Table  4.— Oh 

0  Basin 

—Proposed  flood 

control 

reservoir  data 

Reservoir 

(2) 

Drain- 
age 
area 
(square 

miles) 

(3) 

Capac- 
ity 
(acre- 
feet) 

(4) 

F.stimate  of  cost 

Esti- 
mated 
annual 

cost 
mainte- 

and 

rn^- 

(9) 

Total 
annual 

fi^ce 
cost  at 
4  per- 
cent 
plus 
mainte- 

^d" 

"tS- 

(10) 

Estimated  annual  tangible 

River  system 
(1) 

Land  and 
buildings 
including 
rights-of- 
way  for 
railand 
highway 
reloca- 
tion 

(5) 

Reloca- 
tion of 
railroads 
and  high- 
ways ex- 
cluding 
cost  of 
rights- 
of-way 

(6) 

Construc- 
tion 

(7) 

Total 
esti- 
mated 
cost 

(8) 

Fed- 
eral 

(11) 

Along 
main 
Ohio 
River 

(12) 

Non- 
Federal 

above 
Wheel- 

w'°li., 

and  on 
tribu- 
taries 

(13) 

Total 
(14) 

Monongahela. 
Pa. 

West  Fork.. 

366 

2,190 

1.427 

541 

483 

460 

327 

278 

267 

4,560 

1,628 

731 

587 

62,500 

930,000 
283.000 
140,000 
133.000 
143,000 
79,000 
95,000 
79,000 
581,400 
126,500 
112,000 
73,900 

733,000 

3,325,000 

1,624,000 

1,331,000 

706,000 

1,912,000 

193,000 

232,000 

486,000 

2,110,000 

897,  175 

457,000 

587,000 

450,000 

7,921,000 

9,  464,  000 

2.142.000 

538,000 

1,851,000 

648,  000 

278,000 

735,000 

630,000 

1,298.200 

20,000 

997,000 

626,000 

6,  479,  000 
3,009,000 

394,000 
2,244,000 
2.206.000 
2,481,000 
1,788,000 
1,419,000 
4,800,000 
1.319,625 
1.337,000 

449,000 

1,809,000 

17,  725,  OOC 
14,097,000 
3,  867,  000 
3,  488,  000 
5,969,000 
3,  322,  000 
2,298,000 
2,640,000 
7,  540,  000 
3,515.000 
1,814,000 
2.  033,  000 

6,500 

28,000 
16,000 
6,000 
9,500 
9,500 
10,000 
8,500 
8,000 
35,000 
18,000 
13,400 
6,000 

79,000 

737,000 
580,000 
160,500 
149,000 
248,500 
143,000 
100,000 
IK),.™ 
337,000 
158,600 
86,000 
87,000 

18,000 

76,000 
34,000 
13,000 
12,000 
15,000 

9,000 
12,000 

8,000 

::::::: 

1,000 

29,000 

204,000 
239,000 
65,000 
52,000 
88,000 
58,000 
67,000 
48,000 
240,000 
58,000 
11,800 
8,000 

90,000 

613,000 
364,000 
149,000 
115.000 
158,000 

99,000 
105,000 

80,000 
400,000 
100,000 
148,  400 

76,000 

137,000 

Conemaugh 

French  Creek..... 
Tionesta  Creek.... 
Red  Bank  Creek.. 
Malioning  Creek.. 
Crooked  Creek.... 
Loyalhanna  Creek. 

Bluestone ' 

Big  Bend 

Do 

Do 

Kanawha,W.Va. 
Do 

640,000 
158,000 

Licking,  Ky  ..  . 

Cave  Run 

Beaver.  Pa 

Shenango  River... 

85,000 

13,845 

2,838,300 

14  IQ'! 

26,972,200 

28,551,625 

70,117,000 

174,  400 

2,979.100 

198.000 

1.167,800 

2,497,400 

'        ' 

Bluestone  Reservoir  now  being  studied  for  possible  power  development  in  combination  with  flood  control. 
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Index  and  Project  Map  for  the  Ohio  Basin. 


\^  Effects  on  Ohio  and  Mississippi:  In  addition 

'  "  I  ■<  to  the  local  benefits  that  would  come  out  of 
I  ^  execution  of  these  proposed  projects,  expressed 
^\  in  annual  value  by  the  total  of  Column  13, 
there  would  result  also,  including  the  effect  of 
the  Muskingum  and  Tygart  projects  already 
approved,  a  measurable  reduction  in  height  of 
major  flood  crests  in  the  Ohio  River,  estimated 
as  five  to  six  feet  at  Pittsburg,  four  to  six  feet 
nt  Cincinnati,  two  to  four  feet  at  Louisville, 
and  one-half  to  one  foot  (in  the  Mississippi)  at 
Cairo. 

The  latter  corresponds  to  a  reduction  in 
crest  flow  of  about  50,000  cu.  ft.  per  sec. 

Analysis  of  Costs  and  Benefits:  The  total 
estimated  cost  of  these  13  reservoirs  is  about 
$70,100,000.  The  total  annual  cost  (4  percent 
on  the  investment  plus  annual  operation  and 
maintenance  cost)  is  estimated  at  $3,000,000. 
Estimated  annual  tangible  benefits  total  about 
$3,900,000;  the  ratio  of  benefits  to  cost  is 
about  1.3  to  1  without  considering  the  manj 
intangible  benefits.  The  latter,  because  of 
their  very  nature,  are  difficult  to  evaluate. 
The  value,  tor  example,  of  a  certain  measure  of 
flood-peak  control  on  the  Ohio  goes  beyond  the 
direct  benefit  to  navigation  and  to  the  com- 
munities along  the  banks  of  the  river,  but  that 
additional  value,  while  easy  to  recognize  is 
hard  to  express  in  dollars.  Similarly,  anj 
reduction  of  flood  flows  in  the  Mississippi  has 
a  recognizable  worth,  diflicult  to  evaluate, 
A  special  study  of  the  whole  subject  of  methods 


of  estimating  flood-control  benefits,  tangible 
and  intangible,  is  being  made. 

For  the  purposes  of  this  report  somewhat 
arbitrary  estimates  must  be  used,  especially 
for  intangibles. 

Undoubtedly  there  is  a  Federal  interest, 
beyond  the  tangible  values  expressed  in  Column 
11,  Table  4,  in  reduction  of  flood  peaks  on 
the  Ohio  and  the  Mississippi.  Until  the  spe- 
cial study  suggests  a  better  plan,  it  is  believed 
that  for  such  intangible  values,  the  Federal 
benefits  might  be  increased  by  an  amount 
equal  to  the  amounts  of  tangible  benefits 
expressed  in  Column.  11. 

It  is  true  that,  similarly,  there  is  a  com- 
munity interest  along  the  Oliio,  beyond  the 
amounts  shown  in  Column  12.  Reduction  of 
flood  crests  makes  possible  local  protection 
works  that  othervnse  might  be  impracticable 
or  exceedingly  expensive.  But,  in  order  to 
take  advantage  of  that  situation,  local  inter- 
ests must  themselves  provide  additional  funds 
for  such  protection  works.  It  seems  reason- 
able, therefore,  to  increase  the  Federal  benefits, 
as  suggested,  without  making  the  approval  of 
a  project  conditional  upon  a  corresponding 
increase  in  local  benefits. 

Table  5  shows  a  suggested  distribution  of 
costs,  for  each  of  the  13  reservoirs,  based  on 
the  foregoing  suggestions,  but  adhering  to  the 
policy  that  the  local  (non-federal)  participation 
shall  be  at  least  equal  to  the  cost  of  Land, 
Buildings,  and  Rights-of-Way. 
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Table  5. — Ohio  Basin — Proposed  flood-control  reservoirs — Tentative  cost  distribution 


Total  esti- 
mated cost 
table  4,  col- 

(2) 

Suggested  Federal  participation 

Suggested  non-Federal  participation 

Reservoir 
(1) 

30  percent  of 

columns  6 
and  7,  table  4 

(3) 

Tangible 
benefits 
column  U, 
table  4,  capi- 
talized at  4 
percent 

(4) 

benefits  > 
(S) 

Total 
(6) 

Total  col- 
column  6 

(7) 

Along  main 
Ohio  River 

(8) 

W^bX. 
taries 
(9) 

West  Fork 

$1,809,000 
17,725,000 
14,097,000 
3,867,000 
3,488,000 
5,969,000 
3,322.000 
2,298,000 
2,640.000 
7,540,000 
3.515,000 
1,814,000 
2,033,000 

$323,000 

4,320,000 

3,742,000 

761,000 

835,000 

1,217,000 

939,000 

620,000 

646,000 

1,629,000 

785,000 

407,000 

434.000 

$450,000 
1,900,000 
850,000 
325,000 
300,000 
375,000 
225,000 
300,000 
200,000 

'$303,000 
1,900,000 
850,000 
325,000 
300,000 
375,000 
225,000 
300,000 
200,000 

!$1,076,000 

8,120,000 

5,442,000 

1,411,000 

1.435,000 

1.967,000 

1,389,000 

1,220,000 

1,046,000 

1,629,000 

785,000 

407,000 

484,000 

! $733,  000 
9,605.000 
8,655,000 
2,456,000 
2,053,000 
4,002,000 
1,933,000 
1,078,000 
1.594,000 
6.911.000 
2,730,000 
1,407,000 
1,549.000 

$178,000 

2,  395.  000 

3,  432.  000 
745.000 
640.000 

1.431,000 
714,000 
420,000 
598,000 
2,217.000 
1,002,000 
1W.000 
147,000 

$555,000 

6,223.000 

French  Creek 

2.571,000 

Mahoning  Creek 

996.000 
3.694.000 
1,728,000 
1,303,000 
1.402,000 

Big  Bend 

25,000 

25,000 

70,117,000 

26,411,000 

43,706,000 

ll-- 


t»^ 


'  Tentatively  assumed  to  equal  tangible  benefits  (column  4)  except  for  West  Fork,  as  noted. 

'  Non-Federal  participation  to  equal  cost  of  land,  buildings,  and  rights-of-way.    Federal  participation  to  equal  the  remainder  of  the  c 
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The  Ohio  Basin  According  to  this  schedule,  Federal  interest 

in  these  projects  is  such  that  possible  Federal 
participation  might  go  to  the  sum  of  about 
$26,400,000,  while  necessary  non-Federal  par- 
ticipation is  estimated  at  §43,700,000.  The 
latter  amount  should  be  assessed  against  the 
states  and  the  communities  benefited,  whether 
on  the  tributary  or  on  the  main  stem  of  the 
Ohio,  in  proportion  to  the  estimated  benefit 
to  be  received,  in  a  manner  similar  to  that 
provided  in  the  Conservancy  Law  of  Ohio. 
Tliis  will  require  suitable  state  and  Federal 
legislation,  which  should  accompany  or  pre- 
cede the  adoption  of  any  comprehensive  flood 
control  plan  of  tliis  character. 

Program:  It  is  beheved  that  the  foregoing 
set-up  fairly  represents  a  constructive  program 
for  Oliio  River  flood  control,  the  next  step  of 
which  should  be  detailed  surveys,  dam-site 
investigations,  and  the  development  of  detailed 
plans.  Included  in  these  detailed  investiga- 
tions should  be  a  study,  for  each  reservoir,  of 
the  practicability  of  providing  power  facilities 
(for  future  development  in  most  cases)  without 
sacrificing  flood-control  value.  Such  facilities 
might  be  installation  of  power  outlets  for  future 
use,  or  provision  for  future  raising  of  the  height 
of  the  dam  to  provide  power  storage. 

A  similar  study  of  the  possibilities  of  low 
water  control  should  also  be  made.  A  restudy 
of  estimated  costs  and  benefits  should  be  made, 
in  view  of  these  detailed  studies  and  in  the  light 
of  the  most  dependable  information  that  can 
be  secured. 

The  figures  used  in  this  preliminary  report 
should  be  understood  to  be   suggestive   and 
tentative,  based  on  the  most  reliable  informa- 
tion now  available.     .Vll  are  subject  to  modifi- 
cation as  a  result  of  more  detailed  surveys  and 
investigations  as  and  when  these  more  detailed 
studies  may  be  justified. 
'        Including  the  Muskingum  and  Tygart  Proj- 
I     ects  already'  approved,  this  program  involves 
j     the  expenditure  of  some  $117,000,000;  of  which 
the    Federal    participation    would    be    about 


$61,000,000  and  local  participation  about 
$56,000,000.  Further  studies  should  include 
other  reservoir  possibilities  which  do  not  show 
economic  justification  under  present  conditions 
but  which  may,  in  the  future,  take  a  proper 
place  in  a  more  extended  comprehensive  plan. 
IV.  Navigation 

Importance:  The  large  volume  of  water- 
borne  traffic  on  certain  parts  of  the  Ohio  River 
System  is  accounted  for  to  a  large  extent  by 
the  fact  that  the  River  flows  in  the  direction 
of  main  traffic  movements.  Furthermore,  bulk 
commodities,  especially  adapted  to  water  haul- 
ing, are  present  in  large  quantities;  water  sup- 
ply is  sufficient  for  navigation  throughout  the 
year,  with  few  exceptions;  the  climate  is  favor- 
able for  almost  continuous  navigation.  The 
Monongahela  leads  afl  inland  rivers  of  the 
country  in  volume  of  traffic.  The  Ohio  itself 
carries  more  river  traffic  than  does  the  Missis- 
sippi. Practically  aU  this  traffic  is  handled  by 
private  carriers  who  pay  no  tolls.  In  other 
words,  under  present  policy,  the  construction 
costs  and  the  operation  and  maintenance  costs 
of  navigation  projects  are  at  Federal  expense, 
and  no  part  of  either  of  these  costs  is  directly 
returned  to  the  Government.  The  Committee 
believes  that  this  policy  should  be  modified 
(see  "A  National  Inland  Waterway  Policy"). 

Existing  Projects:  Table  6  Usts  the  existing 
navigation  projects  in  the  Ohio  Basin  exclusive 
of  those  on  the  Tennessee  River,  which  are 
being  included  in  the  development  program  of 
the  Tennessee  Valley  Authority  and  therefore 
are  outside  the  scope  of  this  report.  The  costs 
here  shown  do  not  include  costs  of  operating 
the  boats,  nor  of  handhng  the  freight,  but  are 
Federal  costs  only,  no  part  of  which  is  being 
paid  by  the  users  of  the  waterway.  In  some 
of  these  cases,  however,  the  sa'snugs  to  the 
users  are  sufficient  to  provide  for  repayment 
to  the  Government  of  interest  charges  and  op- 
eration and  maintenance  costs,  in  case  such 
policy  (recommended  by  the  Committee  wher- 
ever feasible)  is  adopted. 
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Table  6. — Navigation  statistics  for  Ohio  Basin  rivers 


The  Ohio  Basin 


1.  Monongahela 

2.  Allegheny  (open-channel  portion) 

3.  Allegheny  (slack-water  portion) . . 

4.  Youghiogheny 

5.  Muskingum 

6.  Little  Kanawha - 

7.  Kanawha 

8.  Big  Sandy 

9.  Kentucky 

10.  Green  and  Barren 

11.  Rough  River.- 

12.  Tradewater 

13.  Cumberland  (above  Nashville). . 

14.  Cumberland  (below  Nashville).. 

15.  Ohio 


Controlling 
depth 
(feet) 


1200,000 

,400,000 

62,000 


882,000 
105,500 
2,500 
,  198, 000 
,772,000 
,500,000 


Fixed 
charge 
(4  percent 


66,000 
167,000 
35,300 


276,  420 
263,  380 
;,  110,000 


;,  908, 000 
248,000 

1,536,000 
318,000 
610,1 
281,1 

,532,1 
80,000 
156,000 
554,000 


,147,434,000 

124,000 

40,  673,  000 


61.638,000 

439.000 

27,231,000 


11,281,000 

7,218,000 

1,512,685,000 


Cost  to 

United 
States  per 


Cost  to 
United 
States  per 


Length  of 

navigation 

season 


1.  Monongahela __. 

2.  Allegheny  (open-channel  portion) 

3.  Allegheny  (slack-water  portion),. 

4.  Youghiogheny 

5.  Muskingiun 

6.  Little  Kanawha 

7.  Kanawha 

8.  Big  Sandy 

9.  Kentucky 

10.  Green  and  Barren 

11.  Rough  River 

12.  Tradewater 

13.  Cumberland  (above  Nashville).. 

14.  Cumberland  (below  Nashville).. 


365  days... . 
275  days..-. 

361  days.,.. 

362  days-.. 
330  days.... 
Entire  year 

....do , 

....do 


Tonnage  mainly  gravel  from  dredging.    Present  operation  and  mainte- 
nance charges  only  nominal. 


Tonnage  figures  for  1932  used,  as  tonnage  increased  to  that  time. 

;  tonnage 
to  that  time. 

2  branches. 

$17,500  spent  on  previous  projects  but  not  chargeable  to  present  project. 

Tonnage  tor  1932  used  as  traffic  is  increasing. 


To  illustrate  the  type  of  cargo  and  move- 
ments of  traffic,  there  were  shipped  on  the  main 
Ohio  River  in  1929,  coal  and  coke,  9,800,000 
tons;  sand  and  gravel,  9,100,000  tons;  iron  and 
steel,  1,600,000  tons;  petroleum,  400,000  tons; 
and  other  cargo,  1,955,000  tons.  Most  of  the 
coal  and  coke  comes  from  mines  along  the 
Monongahela,  Allegheny,  and  Kanawha  Rivers, 
and  is  shipped  downstream  to  Pittsburgh  and 
vicinity,  or  to  Cincinnati  and  Louisville.  Sand 
and  gravel  is  dredged  from  the  river  bed  and 
generally  is  taken  to  the  nearest  wharf.  The 
movement  of  iron  and  steel  chiefly  represents 
shipments  from  Pittsburgh  steel  mills  to  their 
subsidiary  plants  just  below  that  city,  but  some 
200,000  tons  annually  go  to  Memphis  and  other 
Mississippi  River  ports.  It  is  evident,  there- 
fore, that  most  of  the  tonnage  on  the  Ohio 
moves  over  only  small  sections  of  its  available 


waterway.     Upstream  tonnage  movements  are 
relatively  small. 

Rearranging  the  projects  listed  in  Table  6 
according  to  costs  per  ton-mile,  they  take  the 
following  order: 


River 

Cost  to  the 
United  States 
per  ton-mile 

oni 

4.  Kanawha 

5.  Kentucky 

oil 

7.  Allegheny  (slack-water  portion) 

01<l 

9.  Cumberland  (above  Nashville) 

0'>4 

10.  Rough 

n''6 

12.  Little  Kanawha... 

074 

15.  Big  Sandy 

■))■! 
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Above,  at  left,  rural  scene  in  northern  district.  The  substantial  home  and  large  barn  reflect  the  productivity  of 
agricultural  land  in  this  plains  region.  Right,  farms  and  forests  in  the  southern  district.  Only  narrow  valley  bot- 
toms and  some  favorable  slopes  are  cleared  for  cropping. 

Tow  barges  on  the  upper  Oliio  River.     Steam  or  Diesel  tugs  push  two  to  six  barges  loaded  with  coal,  sand,  steel, 
lob  and  other  goods. 


It  should  be  noted  that  all  of  these  ton-mile 
costs  are  based  on  a  year  of  heaviest  traffic, 
giving  the  project  the  benefit  of  favorable  con- 
ditions. Considering  the  first  four  in  the  fore- 
going list,  a  not  excessive  charge  per  ton-mile 
would  return  to  the  Government  its  cost  of 
operation  and  nuiintenance,  interest  on  the 
investment,  and,  over  a  long  period  of  time,  all 
or  a  large  part  of  construction  cost.  It  is 
estimated  that  improvements  now  imder  way 
on  the  Kanawha  will  increase  traffic  and  reduce 
ton-mile  costs  to  about  $0,007.  While  these  are 
only  four  of  the  fifteen  projects  listed,  they 
represent  85  percent  of  the  total  cost. 

As  to  the  last  four  in  the  list,  the  ton-mile 
costs  are  so  high  that  there  is  Uttle  hope  of 
any  substantial  returns  to  the  United  States 
for  its  construction  and  operation  expense,  or 
any  part  thereof.  Nor  is  there  any  reasonable 
prospect  of  future  traffic  that  will  justify 
more  than  minimum  possible  operation  and 
maintenance  costs,  except  possibly  on  the 
Allegheny,  where  the  Cliief  of  Engineers  esti- 
mates that  a  nine-mile  improvement  will  being 
additional  traffic  that  will  result  in  a  ton-mile 
cost  of  about  $0.0055.  These  four  projects 
represent  only  1.2  percent  of  the  total  cost  of 
those  listed. 

Projects  numbered  5  to  11  in  the  list  are  in  the 
intermediate  class  and  conditions  may  develop 
whereby  some  of  them  might  justify  a  charge 
that  would  return  to  the  Government  its 
operation  and  maintenance  costs  and  perhaps 


l)nrt  of  the  interest  on  its  investment.  Pro-  The  Ohio  Basin 
])ose(l  future  expenditures  on  these  projects 
should  be  studied  carefully  with  that  thought 
in  mind.  A  detailed  study  of  projects  in  this 
group  would  show  in  each  case  whether  savings 
to  shippers  are  sufficient  to  waiiant  a  service  or 
license  charge,  to  retuiii  to  the  United  States 
all  or  a  ])art  of  its  exjx'nsp,  or  whether  the 
|)roject  has  outlived  its  usefulness  ami  should 
be  maintained,  if  at  all,  at  a  ])ossible  minimum 
cost.  Information  is  alicady  a\:iilnblo  to  in- 
dicate that  prol)ably  the  Rough  RIvcm-  is  in  the 
latter  cla.ss. 

Betteniient.-t  and  Ksteiislons:  On  the  Ohio 
River  are  now  l)eing  built  two  now  fixed  dams 
which  will  elinunate  six  of  the  existing  dams  on 
the  main  stream  and  also  three  on  the  Kana- 
wha River;  three  new  modern  structures  will 
also  replace  seven  dams  on  the  hitter  stream. 
The  Allegheny  River  is  likewise  being  modern- 
ized in  its  lower  section  by  construction  of  two 
new  dams  replacing  three  obsolete  structures. 
The  dams  on  the  Cumberland  Ki\er  are  being 
raised  to  provide  a  navigable  depth  comparable 
to  that  available  on  the  Ohio.  On  the  Green 
and  Barren  Rivers  modern  locks  of  adequate 
dimensions  are  being  constructed  at  two  exist- 
ing dams.  The  estimated  cost  of  this  work  is 
$26,000,000. 

Table  7  shows  pertinent  data  regarding  other 
similar  projects  in  the  Basin  whose  status  is 
such  that  they  are  under  active  consideration 
for  inclusion  in  a  proposed  future  program. 


Table  7. — Contemplated  navigation  projects,  Ohio  River  Basin 


Location 

Length 
(miles) 

Esti- 
mated ad- 
ditional 

Estimated 

additional 

traffic 

(tons) 

Estimated 
additional 
traffic  (ton- 
miles) 

Estimated  in- 
creased mainte- 
nance and  opera- 
tion 

Status 

Project 

Adopted  by 
Congress 

Recom- 
mended to 
Congress 

Above  Nashville  (Dams  9 

to  21). 
Rumsey  to  Glenmore 

Mouth  to  Meredith  Ferry. 
Rimerton  to  East  Brady.. 
Mouth  to  West  Newton  .. 

From  Ohio  River  at  Roch- 
ester, Pa.,  to  Struthers, 
Ohio. 
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105 

8 
9 
18 

35 

$3,000,000 

471,000 

15,000 
2,642,000 
3,670,400 

37,000,000 

No   recent 
estimate. 

Probably 
none. 

550,000 

No   recent 

estimate. 

6,000,000... 

No     recent 

estimate. 

None 

None - 

36,600,000... 

No     recent 

estimate. 

210,000,000.. 

Decreased  $20,000 
annually. 

Ye'! 

Green  and  Barren  Rivers ' 

1,000... 

96,000 . 

None  made 

640,000 

Ves.     1910- 
19.30. 

Allegheny  River 

Yes. 

Youghiogheny  River 

Beaver  and  lHahoning  Riv- 
ers." 

Y'es. 

'  This  covers  reconstruction  of  existing  Dams,  Nos.  2,  3,  and  ^ 


>  Discussed  under    New  projects." 


Insufficient  data  are  available  to  justify  the 
proposed  extension  of  the  Youghiogheny  proj- 
ect, and  an  estimate  of  additional  traffic  is 
needed  to  justify  the  proposed  improvement  on 
the  Cumberland. 

The  proposed  betterments  on  the  Green  and 
Barren  Rivers  and  the  proposed  improvement 
of  the  Nolin  River,  in  the  opinion  of  the  Com- 


mittee, should  await  a  reconsideration  of  policy 
whereby  cost  to  the  Government  would  be 
repaid  by  sliippers  who  receive  the  benefit. 

The  same  comment  applies  to  proposed  work 
on  the  Allegheny. 

A'ew  Projects:  At  Youngstown,  Ohio,  and 
vicinity  there  is  strong  local  sentiment  urging 
the    Government    to    imdertake    the    Beaver- 
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Mahoning  project  to  pro^nide  a  12-foot  channel, 
to  assure  a  9-foot  na^-igable  depth,  from  the 
Ohio  River  to  Struthers,  Oliio,  a  distance  of  35 
miles.  The  cost  of  construction  is  estimated 
at  $47,000,000,  of  which  10  milHon  is  proposed 
to  be  carried  by  local  interests;  the  estimated 
annual  cost  of  operation  and  maintenance  is 
$640,000.  Assuming  that  $37,000,000  of  the 
construction  cost  to  be  carried  by  the  United 
States  will  be  charged  off  annually  at  4  percent 
($1,480,000  per  annum)  and,  adding  the 
annual  operation  and  maintenance  cost  ($640,- 
000),  the  annual  cost  to  the  United  States 
would  be  $2,120,000.  Estimated  annual  traffic 
according  to  the  best  figures  available  is  6,000,- 
000  tons  or  192,000,000  ton-miles.'  According 
to  these  estimates,  the  Federal  costs  would  be 
35  cents  per  ton  or  $0,011  per  ton-mile.  Pro- 
ponents of  the  project  claim  savings  of  from  50 
percent  to  100  percent  in  excess  of  those  figures. 
The  principal  direct  beneficiaries  would  be 
about  six  or  eight  large  steel  mills  and  perhaps 
an  equal  nimiber  of  other  heavy  manufactur- 
ing or  utihty  interests. 

Compared  with  other  navigation  projects  in 
the  Ohio  Basin,  the  ton-mile  cost  ($0,011)  for 
proposed  U.S.  investment  in  construction 
plus  operation  and  maintenance  costs,  is  higher 
than  that  on  the  Monongahela  ($0,001),  the 
Green  &  Barren  ($0,004),  the  Ohio  ($0,005), 
and  the  Kanawha  ($0,009),  although,  as  has 
been  said,  prospective  users  could  probably 
afford  to  repay  this  cost  if  that  were  the  general 
poHcy.  Unless  or  until  an  arrangement  can  be 
made  whereby  beneficiaries  under  a  hberal  repay- 
ment schedule  will  return  to  the  Government  its 
cost  of  construction,  operation,  and  mainten- 
ance, it  is  suggested  that  a  new  project  of  this 
class  might  better  be  held  in  abeyance  pending 
reconsideration  of  a  new  navigation  poUcy. 
V.  Water  Power 

Present  Power  Facilities:  Intelhgent  discus- 
sion of  water-power  possibihties  in  the  Ohio 
Basin  depends  on  covering  the  broad  field  of 
power,  and  on  recognizing  those  competitive 
sources  of  steam  power  plants.  The  present 
installed  capacity  in  plants  generating  elec- 
tricity for  pubUc  use  in  the  Ohio  Basin,  plus 
the  Lake  Erie  drainage  in  Ohio,  is  5,469,000 
kw.,  of  which  only  808,000  kw.,  or  14.8  percent, 
is  water  power.  In  1929,  the  year  of  maximum 
output,  all  these  plants  generated  approxi- 
mately 17,000,000,000  kw.-hrs. 

Estimated  Future  Reguirernents:  Some  16 
percent  of  the  total  energy  generated  in  the 


United  States  in  1933  was  produced  in  the 
Ohio  Basin.  The  largest  consumers  are  the 
wholesale  light  and  power  group.  Their  per- 
centage of  the  total  consumption  in  the  United 
States  was  35.8  in  1929  and  48.9  in  1932.  The 
corresponding  figure  in  the  Ohio  Basin  for  1932 
was  about  52  percent. 

Between  1919  and  1929  the  aggregate  horse- 
power of  prime  movers  in  the  Oliio  Basin  in- 
creased 2,902,000  hp.,  of  wliich  2,529,000  hp. 
was  in  electric  motors  driven  by  purchased 
current.  Using  these  figures,  and  extending 
the  1919-1929  trend  fine  from  January  1, 
1935,  assuming  no  increases  of  any  moment 
between  1929  and  1935,  an  indicated  need  for 
about  6,000,000  kw.  by  1955  is  shown.  This 
means  3,000,000  kw.  of  new  load.  However, 
it  is  not  beheved  that  future  increase  in  the 
industrial  load  will  even  begin  to  keep  pace 
with  that  of  the  past  20  years,  partly  because 
the  majority  of  the  larger  industrials  are  now 
electrified. 

Domestic  service  has  shown  a  steady  in- 
crease each  year,  1932  being  22.6  percent  over 
1929.  A  conservative  estimate  indicates  that 
by  1955  there  may  be  expected  in  the  Ohio 
Basin  and  adjacent  markets  an  increase  of 
4,300,000  people  wliich  should  mean  650,000 
new  domestic  consumers.  The  average  United 
States  consumption  in  this  classification  has 
shown  a  steady  growth  even  during  the  de- 
pression, increasing  from  339  kw.-hrs.  in  1920 
to  463  kw.-hrs.  in  1929  and  to  611  kw.-hrs.  in 
1932.  Increased  sales  of  electric  refrigerators, 
ranges,  and  water  heaters,  and  possibilities 
apparently  existing  in  air  conditioning  would 
seem  to  indicate  average  use  of  1,200  kw.-hrs. 
per  domestic  customer  witliin  20  years. 

Small  light  and  power  in  the  United  States 
showed  a  44-percent  increase  in  consumption 
from  1926  to  1930,  and  an  increase  of  22  per- 
cent in  the  number  of  customers.  For  the 
Oliio  Basin  an  increase  in  this  group  from 
1,900,000,000  kw.-hrs.  to  4,900,000,000  kw.- 
hrs.  by  1955  would  seem  conservative. 

The  following  table  presents  some  interesting 
data  from  1932  census  relative  to  rural  areas: 
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state 

Number 
farms 

Farm- 
houses 
lighted  by 
eleetricity 

Farms  pur- 
chasing 
electricity 

Percent 
farms 
purchas- 

United  States 

6,  288,  648 

841,310 

571,007 

9.0 

Ohio 

219,296 
181,  570 
82,641 
246,499 
245,657 

56,740 
30,335 
5,330 
10,  691 
10,010 

37,695 
18,  669 
2,844 
5,863 
6,720 

17.2 

West  Virginia 

3.4 

2.4 

2.7 

975,663 

113,106 

71,691 

state 

Average 
kw.-hrs. 
per  cus- 

Number 

automo- 

bUes 

Number 
telephones 

Number 
radios 

>S02 

4,134,675 

2, 139, 194 

666 
613 

201,552 
154,556 
36,978 
86,784 
89,022 

121,214 
110,333 
28,117 
61,631 
45,205 

West  Virginia 

8,966 

16, 862 

T 

568,892 

366,500 

187,  519 

>  For  (arms  east  of  the  100th  meridian.    Farms  west  not  included  on 
account  o(  large  irrigation  pumping  load. 

With  extension  of  distribution  lines  into 
rural  areas  and,  considering  the  educational 
work  of  the  Tennessee  Valley  Authority, 
150,000  new  rural  customers  can  be  expected 
in  the  Ohio  Basin  by  1955.  For  the  reasons 
given  under  domestic  service,  it  is  believed 
proper  to  estimate  an  increase  in  farm  service 
in  this  area  to  the  same  figure  used  for  do- 
mestic, namely  1,200  kw.-hrs.  per  annum, 
which  will  apply  to  present  users  as  well  as  to 
new  customers. 

Municipal  street  lighting  and  miscellaneous 
users  also  will  show  some  increases. 

The  following  summarizes  the  estimated 
increased  demand  for  power  in  the  Ohio  Basin 
by  1955: 

Kiliwatt-lioiirs 

Farm  and  rural  service-  247,  800,  000 

Domestic  service 2,  340,  000,  000 

SmaU  light  and  power..  3,  000,  000,  000 
Large  light  and  power..  10,  500,  000,  000 
Municipal   street  light- 
ing   300,000,000 

Miscellaneous 150,  000,  000 

16,  537,  800,  000 
Based  on  16  percent  loss  from  bus  bar  to 
customer,  there  would  be  required  a  total 
additional  output  of  20  bilhon  kw.-hrs.  With 
the  same  load  factor  and  ratio  of  excess  or 
spare  capacity  in  generating  plants  as  at  pre- 
sent, sometliing  on  the  order  of  5,800,000  addi- 
tional kw.-lu-s.  of  generating  capacity  will  be 
required  by  1955. 

Water  Poiver  Available:  The  most  compre- 
hensive and  detailed  survey  of  available  water 
power  in  the  Oliio  Basin  is  that  recently  made 
bj'  the  U.S.  Army  Engineers,  referred  to  as  the 
"308  Reports."  While  the  200  projects  Usted 
are  impressive  as  to  quantity  and  apparent 
low  cost  per  unit  of  development,  two  highly 
significant  factors  must  be  remembered  when 
considering  them:  (1)  proposed  plants  on  each 
stream  are  based  on  complete  development  of 
that  stream,   and  storage  considered  for  the 


upper  plant  is  also  used  in  lower  plants.  There- 
fore, unless  storage  of  equal  amount  could  be 
proAnded  for  a  selected  development,  the 
amount  of  energy  available  would  be  lower. 
(2)  In  general  a  low  load  factor  has  been  esti- 
mated, since  many  of  the  plants  will  be  used 
to  carry  the  peaks  in  systems  with  large  steam 
capacities.  As  a  result  proposed  installations 
are  liigh,  thus  reducing  the  estimated  cost  per 
unit  of  installation. 

It  also  should  be  pointed  out  that  these  de- 
velopments would  be  practically  in  the  best 
coal  fields  in  the  country,  and  that  kw.-lir. 
costs  would  be  carefully  considered  against 
steam-power  costs.  Large  mine  mouth  steam 
plants  costing  $90  per  kw.  and  capable  of  pro- 
ducing a  kw.-hr.  on  the  bus  bar  with  1 H  pounds 
or  less  of  coal  would  show  a  cost  with  a  reason- 
able load  factor  of  less  than  four  mills  per 
kw.-hr.  on  the  switchboard,  and  could  prob- 
ably be  located  more  advantageously  so  far 
as  market  is  concerned  than  could  the  hydro 
plants.  Therefore,  as  a  general  rule,  no  hydro 
plant  would  be  considered  unless  its  cost  were 
less  than  steam-power  costs,  although  certain 
conditions  such  as  cost  of  carrying  peak  load 
only,  which  would  result  in  a  low-load  factor, 
or  the  particular  market  to  be  supplied,  such 
as  an  electro-chemical  plant  wliich  would 
absorb  a  large  amount  of  secondaiy  energy, 
would  be  exceptions  to  the  general  rule. 

Possible  Water  Power  Developments:  Power 
development  in  the  Ohio  Basin  will  usually 
require  regulation  of  the  flow  by  storage. 

Numerous  problems  must  be  considered  in 
a  proper  determination  of  the  type  of  generat- 
ing plant  to  be  installed.  In  the  final  analysis 
decision  as  to  t3'pe  of  plant  is  based  on  an  eco- 
nomic condition.  Generally  speaking,  the  type 
which  can  deliver  a  kw.-hr.  in  the  market  at 
lowest  cost  is  the  one  selected. 

Apparently  but  few,  if  any,  of  hsted  water- 
power  projects  in  this  area  can  meet  the  gener- 
ating cost  of  modern  steam-power  plants  (4- 
mills  or  less)  else  more  than  15  percent  of  the 
present  installed  generating  capacity  would 
be  in  hydro  plants.  Complete  development 
of  the  Kanawha  River  drainage  would  show 
about  1,350,000  kw.  installed  at  an  estimated 
cost  of  $130  per  kw.  The  output  is  estimated 
at  4,900,000,000  kw.-hr.  of  which  over  2,800,- 
000,000  kw.-hrs.  would  be  primary  energy. 
About  600,000  kw.  of  the  installation  could 
generate  prime  energy  at  a  cost  of  five  mills  or 
less  per  kw.-hr.  The  Cheat  River  completelj' 
developed  would  have  over  700,000  kw.  in- 
stalled at  an  estimated  cost  of  $126  per  kw. 
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witli  !in  output  of  1,504,000,000  kw.-hrs.  of 
l)riiiiary  energy.  About  350,000  kw.  of  the 
installation  would  produce  677,000,000  kw.-hrs. 
of  prime  energ;y  at  a  cost  of  five  mills  or  under 
per  kw.-hr.  These  appear  to  be  the  most 
promising  of  the  undeveloped  water-power 
projects,  and  might  well  be  considered  in  a 
long  time  plan  of  development.  The  esti- 
mated cost  of  this  work  for  the  Kanawha 
would  be  $175,000,000  and  for  the  Cheat, 
$88,000,000. 

While  it  seems  that  there  will  be  a  demand 
for  a  large  amount  of  additional  generating 
capacity  in  the  next  20  years,  and  that  there 
is  an  abundance  of  water  power  available,  to 
what  extent  the  demand  will  be  supplied  by 
hydro  plants  w^ll  depend  largely  upon  the 
probable  cost  of  energy  from  such  plants  as 
compared  with  the  cost  from  competitive 
sources  of  supply.  Of  the  13  reservoirs  pro- 
posed for  flood  control  the  nine  on  the  Alle- 
gheny and  Monongahela  Rivers  have  been 
carefully  studied  by  the  Army  Engineers  as  to 
their  possibihties  for  combined  use  with  \vater- 
power  development,  but  so  far  such  use  has 
been  found  undesirable.  The  Bluestone  Reser- 
voir on  the  Kanawha  is  now  being  so  investi- 
gated. The  remaining  three  will  require  fur- 
ther field  investigation  to  determine  possibili- 
ties of  enlargement  and  combination  use. 

The  program  of  the  Tennessee  Valley  Au- 
thority will  result  in  additional  power  being 
made  available  to  serve  a  large  section  of  the 
Ohio  Basin.  Also  it  will  demonstrate  some  of 
the  possibilities  of  increasing  power  use  both 
by  development  of  new  and  broader  markets, 
new  and  wider  uses  in  the  same  market,  and 
by  showing  what  may  be  expected  as  to  in- 
creased consumption,  due  to  lower  charges 
for  current,  and  lower  prices  of  power-consum- 
ing equipment,  particularly  of  the  household 
and  farm-use  type.  In  view  of  this,  and  the 
preceding  sections  of  this  report,  no  recom- 
mendations are  made  for  early  consideration 
of  specific  water-power  projects  in  the  Ohio 
Basin,  in  addition  to  the  Tennessee  Valley  de- 
velopments that  are  being,  and  may  be,  under- 
taken. 
VI.  Soil  Erosion  Control 

Tlw  Problem:  Winlc  it  is  definitely  known 
that  soil  erosion  in  the  Ohio  Basin  is  wide- 
spread and  in  some  sections  very  serious,  satis- 
factory information  is  not  available  as  to  the 
location,  extent  of  the  areas  affected,  and 
amount  of  damage  already  done.  The  general 
map  indicates  in  broad  outline  the  region  in 


which  the  soils  are  suffering  most  severely. 
The  process  of  soil  depletion  by  sheet  erosion, 
and  in  certain  regions  by  severe  gullying,  is  so 
great  that  vigorous  action  is  necessary  to  in- 
troduce effective  measure  of  control. 

Public  Actinties:  Establishment  of  public 
forests  and  advance  in  forest-fire  protection  is 
aiding  in  erosion  control  in  mountain  areas. 
Extension  teacloing  and  state  cooperation  are 
proving  effective  in  aiding  farmers  to  adopt 
better  methods  of  land  use.  There  are  50  to 
60  C.C.C.  camps  in  the  Basm  where  the  main 
work  is  in  gully  control  and  other  activities 
related  to  soil  erosion.  The  United  States  Soil 
Erosion  Service  has  established  four  demon- 
stration areas  in  the  Basin,  one  each  in  Ohio, 
West  Virginia,  North  Carolina,  and  Alabama. 
The  Bureau  of  Chemistry  and  Soils  has  an 
Erosion  station  for  research  and  experiment  in 
Oliio.  The  Tennessee  Valley  Authority  is  also 
conducting  extensive  erosion  control  work. 

Future  Program:  Beyond  operation  of  dem- 
onstration tracts,  and  development  of  educa- 
tional programs,  the  outline  of  detailed  activ- 
ities for  the  Ohio  Basin  must  necessarily  await 
the  results  of  the  soil  erosion  surveys  and 
investigations  now  in  progress.  It  is  not  too 
late  to  save  the  soils  of  the  Ohio  Basin  if  an 
effective  large-scale  policy  of  erosion  control  is 
initiated  promptly  by  pubhc  agencies. 
VII.  Sewage  and  Waste  Disposal 

Importance:  The  Ohio  Basin  enjoys  a  greater 
average  annual  precipitation  than  any  other 
major  tributary  basin  of  the  ^lississippi.  Its 
population  density,  however,  particularly  the 
urban  element,  is  high.  In  addition  it  is  a 
great  industrial  region.  These  factors  make 
the  total  demand  on  water  resources  so  great 
that  sewage  and  waste  disposal  and  water  sup- 
ply constitute  important  featiu-es  in  any  plan  for 
wise  use  of  such  resources  in  the  Ohio  Valley. 

Present  Condition:  The  four  important  types 
of  pollution  existing  in  tliis  region  are  (1)  in- 
dustrial wastes,  (2)  w^aste  water  from  coal 
mines,  (3)  waste  oil  from  oil  fields  and  refineries, 
and  (4)  sewage  from  cities.  All  four  types  of 
pollution  can  be  abated  by  proper  methods  of 
disposal.  The  Oliio  River  Interstate  Stream 
Conservation  Agreement,  the  objective  of 
which  is  protection  of  public  water  supplies 
against  harmful  pollution,  has  initiated  pro- 
gressive work  in  control  of  industrial  and  coal 
mine  wastes. 

Coal  Mine  II  astes:  Through  State  coopera- 
tion and  the  aid  of  Civil  Works  Administration 
funds,  seahng  of  abandoned  coal  mines  has  been 


made  possible.  However,  little  has  been  clone 
in  this  field  since  the  witlulniwiii  of  C.AA'.A. 
funds. 

Industrial  ]]ast(s:  Cmtnii  of  industrial 
wastes  is  an  important  I'aetor  in  the  Ohio 
Basin.  In  most  cases  this  is  done  at  the  plant 
and,  in  the  case  of  taste  and  odor  producing 
substances  in  tar-acid  phenol  waste  from  coke 
ovens,  notice  is  given  downstream  cities  in 
event  of  breakdown  at  the  control  works. 

Control  of  pollution  from  oil  fields  has  been 
affected  to  some  extent  by  the  Oil  Pollution 
Act  of  Congress  of  1924. 

Sewage  from  Cities:  The  I'.S.  Health  Serv- 
ice in  1915  estimated  that  82  percent  of  the 
urban  population  of  the  Ohio  drainage  area 
contributed  sewage  to  the  drainage  system. 
Recent  surveys  elsewhere  substantiate  this  esti- 
mate as  reasonably  accurate  for  present  con- 
ditions. Applying  tliis  figure  to  the  total  urban 
population  of  the  Ohio  River  drainage  area 
above  Cincinnati  in  1930,  we  find  that  the 
sewered  population  in  1930  would  be  appro.xi- 
mately  3,240,000  as  compared  to  2,370,000  in 
1915,  an  mcrease  of  nearlj-  37  percent  in  sewered 
population  in  the  past  15  years. 

In  spite  of  this  increase,  the  trend  of  stream 
pollution  has  been  toward  u  betterment  of  con- 
ditions in  recent  years  due  chiefly  to  sewage 
treatment  and  waste  control.  Two  sewage- 
treatment  plants  and  seven  sewage-disposal 
plants  in  this  region  are  now  under  construction 
with  the  aid  of  PubHc  Works  Administration 
funds,  and  38  additional  sewer  projects  in  this 
area  have  been  approved  for  Public  Works 
Administration  loans. 

Problem  Areas:  The  United  States  Public 
Health  Service  is  now  making  a  study  of  this 
drainage  basin,  which  will  give  the  industrial 
equivalent  from  wliich  the  pollution  load  of 
each  stream  can  be  determined.  Indications 
are  that  this  data  will  be  available  in  time  for 
later  studies,  making  it  possible  to  consider 
some  of  the  problem  areas. 
Vlir.  Water  Supply 

Present  Conditions:  The  Census  of  Munic- 
ipal Water  Purificatiou  Plants  in  the  U.S.  for 
1930  lists  386  water-purification  systems  in  the 
Ohio  River  Basin.  Of  these  302  depend  on 
surface  waters  for  their  supply  and  serve 
5,342,000  people  or  31  percent  of  the  popula- 
tion of  the  Basin.  Compared  to  this  84 
plants  obtain  their  supply  from  ground  waters 
and  serve  572,000  people  or  3  percent  of  the 
population.  To  the  plants  Hsted  shouhl  be 
added  59  more,  which  wall  be  built  by  P.W.A. 


cooperation.  Improvements  of  over  200  exist- 
ing waterworks  in  the  Ohio  Basin  are  also  in 
process  through  the  P.W.A.  program. 

There  are  only  25  cities  and  towns  of  over 
1,000  population  in  the  Ohio  Basin  reporting 
no  waterworks.  Of  these  two  are  in  Illinois, 
four  in  Indiana,  five  in  Kentucky,  nine  in 
Ohio,  five  in  Pennsylvania,  and  nine  of  the 
14  States  ])artly  in  the  Ohio  Basin  have  no 
cities  (in  the  Basin)  of  over  1,000  reporting 
no  waterworks. 

Problem  Areas:  Water-sup])ly-problem  areas 
are  easily  located  by  a  serious  drought  such 
as  that  of  1930  or  that  of  the  present  summer, 
1934.  In  Kentucky  a  number  of  tou-ns  suf- 
fered water  shortage  which  forced  them  to 
secure  water  from  emergency  sources.  Other 
towns  sufl'ered  from  decrease  in  quality  of 
water  due  to  low  stages  of  rivers,  and  a  rather 
wide  outbreak  of  acute  intestinal  disturbances 
occurred  in  January  and  February  1931,  due 
to  decreased  and  polluted  water  supplies. 
During  1930,  13  cities  and  villages  in  Ohio 
were  forced  to  take  extreme  measures  to 
secure  a  water  supply.  Other  cities  in  the 
Basin  experienced  a  corresponding  water  short- 
age, the  degree  of  which  depended  on  the 
tj'pe  of  existing  water  system,  storage  facili- 
ties, and  water  supply. 

Planning  Jor  the  Future:  Quantity  and  qual- 
ity are  the  two  important  factors  concerning 
use  and  development  of  river  sources  of  water 
suppW.  Quantity  available  for  water  supply 
is  determined  by  flow  of  the  stream  under 
adverse  conditions  of  drought  and  influence  of 
the  use  of  the  stream  for  other  purposes.  The 
quality  of  the  water  is  determined  by  the  geo- 
logic formation  of  the  catchment  area  and  by 
the  use  of  the  stream  for  disposal  and  transpor- 
tation of  waste.  Practically  notliing  can  be 
done  to  increase  the  total  quantity  of  water 
available  in  a  stream,  but  considerable  regu- 
lating effect  can  be  made  on  the  low  stages  of 
stream  flow  by  storage  control.  The  quaUty 
of  water  can  be  rather  definitely  controlled 
witliin  reasonable  limits. 

Demand  for  quality  water  is  constantly  in- 
creasing. The  quality  of  the  sources  is,  in  most 
cases,  tending  to  decrease.  In  addition,  the 
quantity  of  water  for  waste  disposal  and  trans- 
portation is  decreasing  and  the  amount  of 
sewered  population  and  waste  to  be  disposed 
is  increasing.  These  factors,  together  with  the 
danger  of  contamination  in  periodic  water 
shortages,  are  imperative  reasons  for  having  a 
weU-dcfined  program  of  future  development. 
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The  Ohio  Basin  The  place  of  the  Government  in  this  program 

seems  to  be  to  furnish  basic  data  as  to  stream 
flow  or  other  sources  of  supply,  to  promote  edu- 
cational work  in  protection  of  water  supplies 
and  control  of  pollution.  The  job  of  providing 
new  or  additional  water  supplies  must  neces- 
sarily remain  the  obligation  of  the  communities 
interested. 
IX.  Recreation 

Discussion:  Recreation  has  become  a  public 
problem  only  in  the  last  generation.  In  former 
days  there  were  ample  facilities  for  out-door 
recreation,  accessible  to  all  who  had  leisure. 
In  recent  years,  however,  open  lots  in  cities 
have  been  progressively  occupied  by  buildings ; 
private  owners  have  closed  to  the  public  their 
woods,  their  ponds,  and  their  streams.  At  the 
same  time  the  urge  for  recreation  has  greatly 
increased  in  every  class  of  people.  A  national 
plan  of  recreation  is  being  developed  and  should 
be  encouraged  along  constructive  lines. 

Recreational  Areas  in  the  Ohio  Basin:  Some 
of  the  larger  cities  of  the  Ohio  Basin  are  among 
the  leaders  in  providing  local  recreation  facili- 
ties for  their  citizens.  In  addition  to  the  large 
number  of  city  parks  and  playgrounds,  there 
are  five  National  Forests,  with  areas  totaling 
5,500,000  acres,  and  one  National  Park  (Smoky 
Mt.  Park)  with  an  area  of  300,000  acres. 
Pennsylvania  has  100,000  acres  m  the  Oliio 
Basin  in  State  forests  and  parks.  Ohio  has 
seven  State  forests,  and  seven  State  parks, 
covering  60,000  acres  or  more.  Indiana  has 
35,000  acres  in  five  State  forests  and  nine  State 
parks.  Illinois  has  one  State  forest  and  tlu-ee 
State  parks.  Kentucky  has  nearly  20,000 
acres  in  two  State  forests  (including  one  owned 
by  the  State  University)  and  seven  State  parks. 
Tennessee  and  North  Carolina  have  furnished 
the  Big  Smoky  National  Park.  West  Virginia 
has  15,500  acres  in  two  State  forests.  In  addi- 
tion most  of  the  States  in  the  Ohio  Basin  have 
game  refuges  on  public  or  private  lands. 

Facilities  for  Recreation  Projects:  Excep- 
tional natural  facilities  for  out-door  recreation 


abound  in  the  Ohio  Basin.  The  beautiful 
countryside  and  the  many  points  of  historic 
interest  arc  attracting  increasing  numbers  of 
])co|)lc  to  this  region.  Although  the  Basin  is 
lavishly  endowed  with  beautiful  streams,  water- 
falls, and  impressive  rivers,  it  is  notably  lacking 
in  natural  lakes  and  ponds.  Construction  of 
artificial  lakes  and  pools  in  connection  with 
navigation,  flood  control,  and  power  pi'ojects 
will  add  greatly  to  the  charm  of  this  area.  In  a 
recreation  project  size,  in  itself,  is  not  a  too 
important  factor.  Many  small  projects,  so 
located  as  to  serve  a  large  number  of  people, 
may  be  quite  as  effective  as  a  smaller  number  of 
large  areas. 

An  Example  oj  Adaptation:  Here  is  one 
example  of  a  recreation  project  consisting  of 
relatively  small  areas  which  has  been  de- 
veloped in  connection  with  the  flood  control 
works  of  the  Miami  Conservancy  District. 
At  four  of  the  five  dams,  certain  areas  (totaling 
1500  to  2000  acres)  have  been  designated  for 
pubUc  use  as  natural  camping  and  picnic 
grounds.  Approved  spring  waters  have  been 
protected  and  marked.  ^Tule  the  flood  con- 
trol dams  form  retarding  basins  and,  therefore, 
have  no  permanent  water  behind  them,  the 
large  borrow  pits  at  two  of  the  dams  form 
miniature  lakes  which  are  stocked  with  fish; 
and  one  of  them,  supplied  by  clean  rising 
waters,  is  excellent  for  bathing.  These  areas 
are  within  easy  reach  of  several  hundred 
thousand  people  and  are  widely  used.  These 
recreational  areas  are  maintained  at  a  minimum 
of  expense;  only  two  extra  patrolmen  are  re- 
quired for  the  six  months,  May  to  October, 
inclusive,  one  at  each  of  the  two  areas  where 
the  use  is  heaviest.  At  the  other  areas  the 
regular  caretakers  at  the  dams  are  able  to 
handle  all  of  the  work. 

There  are  opportunities  for  many  recrea  tion 
projects  in  the  Ohio  Basin  in  connection  with 
various  water  projects  in  existence  and  pro- 
jected. They  should  be  encouraged  as  part  of 
any  comprehensive  plan  for  development  of 
water  resources  and  allied  activities. 
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I.  Economic  and  Social  Characteristics 

The  seven  and  one-half  million  inhabitants 
of  the  Missouri  Basin  are  distributed  in  three 
major  zones  of  human  oceupation,  each  repre- 
senting a  distinctive  group  of  adjustments  to 
conditions  of  the  natural  environment. 

A.  The  Eastern  Zone:  The  eastern  third  of 
tlie  basin  is  characterized  by  moderately  dense 
settlement,  a  relatively  stable  and  diversified 
agriculture,  and  an  increasingly  important 
urban  life  based  in  considerable  part  on  the 
manufacture  and  distribution  of  commodities 
used  or  produced  in  the  middle  and  western 
zones.  It  contains,  indeed,  most  of  the  people 
and  nearly  all  of  the  larger  cities  and  manufac- 
turing industries  of  the  basin.  The  density  of 
population,  which  everywhere  exceeds  12  per- 
sons per  square  mile,  and  in  some  localities  60 
persons,  diminishes  gradually  to  the  west. 
During  the  last  decade  the  cities  have  grown 
consistently,  while  the  populations  of  most 
rural  districts  have  declined  slightly  or  re- 
mained stationery. 

This  is  the  "commercial  front"  of  the  basin. 
The  cities  along  the  lower  reaches  of  the  Mis- 
souri River  are  commercial  intermediaries  for 
the  remainder  of  the  drainage  area.  They 
mark  in  rough  fashion  the  border  of  the  north- 
eastern manufacturing  belt  of  the  country. 
They  stand  as  junction  points  between  the 
closely  spaced  railroad  pattern  of  the  East  and 
the  widely  separated  transcontinental  lines  of 
the  West.  Their  continued  growth  is  an  ex- 
pression of  a  wave  of  urbanization  and  of 
manufacturing  that  has  been  moving  west- 
ward at  a  slow  rate. 

Except  in  the  Missouri  portions  of  the  rugged 
Ozark  Plateau  and  the  contiguous  Lowland,  at 
least  40  percent  of  the  land  of  the  eastern  zone 
is  in  crops,  the  farm  units  are  of  moderate  size, 
and  the  prevailing  farm  practice  is  diversified. 
The  corn  belt  intersects  the  zone,  and  accounts 
for  the  westward  bulge  of  comparatively  high 
population  density  in  Nebraska  and  Kansas, 
Winter-wheat  farming  merges  with  corn  cul- 
ture to  the  south,  and  spring-wheat  farming  is 
dominant  to  the  north.  In  general,  the  line  of 
20  inches  of  average  annual  precipitation 
bounds  the  zone  to  the  west,  and  constitutes 
the  approximate  limit  of  consistently  success- 
ful crop  production  without  irrigation.  In 
most  parts  of  the  eastern  lowlands  and  the  ad- 
joining border  of  the  Great  Plains,  agriculture 
164      is  well  estabhshed  and  normally  yields  a  fairly 


comfortable  living,  but  on  the  Ozark  Plateau, 
and  in  portions  of  southern  Iowa  and  northern 
Missouri,  infertile  and  ei-osive  soils  have  re- 
stricted prosperous  farming  and  have  induced 
the  abandonment  of  numerous  farms  in  recent 
years. 

Although  the  agricultural  assets  of  most  of 
the  Ozarks  are  relatively  meager,  the  more 
effective  utilization  of  their  forests  and  forest 
lands  for  water  conservation,  control  of  soil 
erosion,  lumber,  and  recreation  is  a  matter  of 
urgent  importance. 

B.  The  Western  Zone:  In  western  Montana 
and  on  the  Colorado  Piedmont  there  are  a  few 
concentrations  of  population  which,  with  their 
complements  of  cities  and  radial  alignments  of 
transportation  facilities,  are  founded  chiefly  on 
mineral  industries  or  irrigation  agriculture. 

Most  of  these  groupings,  on  or  adjacent  to 
the  slopes  of  the  Rocky  Mountains,  have  gained 
notably  in  population  in  recent  years,  although 
a  few  mining  towns  have  declined  as  mineral 
deposits  have  been  depleted  or  exhausted. 
Separating  these  "islands"  of  growing  popula- 
tion there  are  sparsely  settled  mountainous 
areas,  mostly  forested,  or  semiarid  plains,  in 
considerable  part  publicly  owned,  which  are 
not  suited  to  cultivation. 

The  irrigated  oases  in  the  otherwise  pas- 
tural  piedmont  or  the  intermontane  basins 
return  moderate  to  heavy  yields  of  sugar  beets, 
other  vegetables,  and  forage  crops.  A  de- 
pendable and  adequate  supply  of  water  is 
required  in  these  oases  not  alone  to  insure 
consistent  harvests  of  cash  crops,  but  also  to 
provide  supplemental  feed  for  livestock  grazed 
on  the  pastures  of  the  surrounding  plains 
and  the  mountains.  The  beet  factory,  the 
canning  plant,  and  the  loading  pen  are  dis- 
tinctive features  of  the  scattered  towns. 

Violent  fluctuations  in  the  urban  popula- 
tions of  various  districts  in  the  western  zone 
have  accompanied  the  exploitation  of  metal 
resources.  However,  the  utilization  of  the 
vast  coal  deposits  and  the  petroleum  deposits 
within  the  zone  has  involved,  and  in  the  case 
of  the  former  probably  will  continue  to  in- 
volve, less  uncertainty  of  occupation.  The 
coal  industry  has  been  developed  only  slightly, 
while  the  petroleum  industry  appears  to  be 
approaching  a  peak  of  production. 

C.  The  Middle  Zone:  Between  the  eastern 
and  western  zones  of  the  basin  lies  a  vast 
middle  zone  that  is  characterized  by  a  rela- 
tively sparse  and  unstable  population.  The 
density  of  population  exceeds  12  persons  per 
square  mile  in  only  a  few  places.     The  mod- 


erate-sized  towns  are  strung  out  irregularly 
along  the  transcontinental  railroads.  The  rec- 
ord of  the  settlement  of  the  zone,  which  has 
followed  these  railroads  lines  in  the  main,  has 
been  one  of  violent  changes  and  of  great 
movements  and  countermovements  of  people. 

Efforts  to  occupy  and  exploit  the  middle 
zone  have  dejjended  chiefly  on  agriculture. 
With  the  development  of  dry  farming,  of 
highway  and  railroad  facilities,  and  of  power 
machinery,  farmers  e.xtended  the  culture  of 
wheat  over  the  dark  i)rairie  soils  of  Montana, 
the  Dakotas,  Nebraska,  and  Kansas,  where 
previously  grazing  had  been  the  dominant 
economic  activity.  Large  farm  units  devoted 
to  a  single  cash  crop  have  been  the  rule. 
Some  settlers  have  turned  to  irrigation  farm- 
ing, especially  in  times  of  water  shortage. 
Notwithstanding  technical  improvements  in 
both  dry-land  and  irrigation  farming,  how- 
ever, the  middle  zone  remains  a  land  of  great 
economic  hazards,  an  unconquered  frontier  of 
settlement.  The  normally  meager  rainfall 
and  the  alternating  periods  of  wet  and  dry 
years  have  promoted  many  faulty  and  inse- 
cure adjustments  to  the  plains  environment. 
Time  and  time  again  "dry  farmers"  have 
found  themselves  stranded  in  great  numbers 
during  drought  periods.  A  case  in  point  was 
the  migration  of  wheat  farmers  into  eastern 
Montana  in  1914-1916,  an  advance  followed 
subsequently  by  a  disordered  retreat  as  a  con- 
sequence of  inadequate  rainfall.  On  some  of 
the  irrigation  enterprises  the  works  for  the 
control  and  distribution  of  water  have  seemed 
barely  justified  in  years  of  moderate  rainfall, 
and  in  many  instances  they  have  been  aban- 
doned or  permitted  to  fall  into  disrepair  in 
years  of  relatively  abundant  rainfall.  No  cer- 
tain formula  for  wide-spread  agricultural  suc- 
cess on  the  semiarid  plains  has  been  developed, 
and  no  easy  solution  is  within  sight.  The 
zone  seems  likely  to  continue  as  an  area  of 
experimentation  in  land  utilization,  of  painful 
trial  and  error.  Further  shifts  and  realign- 
ments in  its  occupation  may  be  expected  in 
the  near  future. 

Manufacturing  is  of  slight  significance,  and 
by  and  large  there  is  httle  foundation  for  its 
development.  Mining  is  of  importance  chiefly 
on  the  slopes  of  the  Black  Hills  Uplift. 

'Wliereas  relative  stability  is  evident  in  the 
eastern  and  western  zones,  chronic  instability 
is  the  outstanding  characteristic  of  the  middle 
zone.  In  general,  therefore.  Federal  participa- 
tion in  projects  for  the  use  and  control  of  water 
in  the  middle  zone  is  accompanied  by  greater 


risk  than  in  the  other  zones,  but  it  is  no  less 
justified,  provided  the  mistakes  of  the  past  are 
not  repeated,  and  it  is  even  more  urgent. 
II.  Problems  of  Water  Use  and  Control 

In  almost  any  locality  in  almost  any  part  of 
the  Missouri  Basin  the  people  face  one  or  more 
urgent  problems  of  water.  For  example,  there 
are  areas  with  grave  flood  risks,  with  insuffi- 
cient water  for  irrigated  farms,  with  failing 
water  supplies  for  domestic  and  municipal  pur- 
poses, or  with  soils  seriously  depleted  by  water 
erosion.  To  minimize  the  menace  of  waters 
and  to  promote  their  greatest  usefulness  are 
objectives  the  realization  of  which  is  essential 
to  the  development  and  maintenance  of  the 
highest  standard  of  living  possible  in  the  great 
drainage  area.  The  following  pages  discuss 
briefly  the  major  problems  that  are  involved  in 
the  realization  of  these  objectives. 
A.  Flood  Control 

1.  The  General  Problem:  The  average  an- 
nual flood  losses  within  the  Missouri  Basin 
during  the  last  few  decades  have  been  esti- 
mated tentatively  at  about  $2,800,000,  a 
figure  that  might  be  doubled  if  the  intangible 
losses  could  be  evahiated.  About  2,275,000 
acres  of  farm  land  in  the  basin  and  some 
twenty-six  nuinicipahties,  with  a  combined 
population  of  730,000,  are  subject  to  floods. 
As  indicated  on  the  accompanying  project 
map  the  flood  hazard  is  localized  in  the  head- 
water areas  and  in  the  Kansas  River-Lower 
Missouri  area. 

Flood  protection  by  means  of  reservoirs  is 
considered  as  possibly  feasible  only  in  the  case 
of  the  Kansas  River.  The  Kansas  State 
Planning  Board  reports  that  three  reservoirs 
could  be  constructed  in  the  upper  Osage 
Basin  to  benefit  a  number  of  towns  through 
flood-protection  and  augmented  flow  during 
low-water  periods.  No  data  are  in  hand, 
however,  by  means  of  which  the  technical  or 
economic  feasibihty  of  this  possibihty  can  be 
evaluated.  The  Fort  Peck  Reservoir  will  have 
no  appreciable  effect  on  floods  along  the  lower 
Missouri,  and  it  cannot  be  operated  effec- 
tively for  flood  prevention.  Elsewhere  the 
solution  to  the  flood  problem  caUs  for  levee 
projects  at  scattered  communities,  yielding 
benefits  largely  local  in  character. 

The  following  table  and  the  accompanying 
map  indicate  thirteen  flood  control  projects 
in  the  Missouri  Basin  that  are  worthy  of  further 
consideration.  Those  listed  in  Class  A  are 
deemed  economically  feasible  for  immediate 
construction  under  terms  discussed  elsewhere 
in     this     report     (see    page     24).     Estimates 
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WATER-POWER  PROJECTS 


1 

Seminoe 

2 

Elkhorn 

3 

Portage 

4 

Iliad 

5 

Big  Horn 

6 

Little  Horn 

7 

Project 

Pactola 

8 

N.  Platte  River 

9 

Sutherland-Plum  Creek 

10 

Fort  Benton 

11 

Bearpaw 

IRRIGATION  PROJECTS 


CLASS  A 

CLASS  B 

12 

Northern  Transmountain  Diversion              20 

North  Loup  Group 

13 

GreybuU  Valley 

21 

Middle  Loup  Group 

14 

Rock  Creek 

22 

Freemont  Canal 

15 

TVTieatland 

23 

Paintrock 

16 

Lander  Valley 

24 

Joliet 

17 

Medicine  Bow 

25 

Harlow  town 

18 

Buffalo  Rapids 

27 

Franklin 

19 

Cartersville 

28 

Fish  Creek 

29 

SUver 

30 

Woods  Gulch 

FLOOD-CONTROL  PROJECTS 


CLASS  A 


31 

Harlem,  Mont. 

32 

Saco,  Mont. 

33 

Glasgow,  Mont. 

34 

Forsyth,  Mont. 

35 

Belle  Fourche,  S.Dak. 

36 

Topeka,  Kan. 

37 

Kansas  Cities 

38 

Ottawa,  Kan. 

39 

Fort  Scott,  Kan. 

40 

Marmarth,  N.Dak. 

Greybull,  Wyoming 
Lawrence,  Kan. 
Osawatomie,  Kan. 
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of  their  feasibility  are  based  entirely  on  the 
tangible  benefits  involved.  The  Class  B 
projects  require  further  study  to  determine 
whether  or  not  they  are  feasible,  though 
present  indications  are  that  their  construction 
will  be  economically  justified  if  intangible  as 
well  as  tangible  benefits  are  considered. 


Flood-control  projects 

Map  ret- 
number 

Project 

Popula- 

Average 
loss 

Construc- 
tion cost 

•^^i^ts- 

0.  &  M. 

708 

506 

2,216 

2^032 
64,120 
521,603 
9,563 
10,  763 

1.806 
13,  726 
4,440 

$1,410 
3,160 
3,180 

4*800 
132,600 
1,371,825 
42,250 
12,200 
4,350 

9,620 
16,960 
16,850 

$25,000 

32 

Saco,  Mont 

50,000 

Glasgow  MoDt 

56,000 

127,000 

BeUeFourche,  S.Dak 

52,000 

2,380,000 

Kansas  Cities 

20,240,000 

38 

882,000 

150,000 

40 

Marmarth,  N.Dak 

80,000 

42 

417,000 

Osawatomie,  Kans 

The  Kansas  Cities,  Topeka,  and  Lawrence 
projects  are  discussed  later  as  a  group  problem. 
The  remaining  items  in  the  "Class  A"  list 
represent  eight  individual  projects  to  protect 
as  many  communities,  with  an  aggregate 
population  of  28,447,  at  a  cost  of  $1,442,000. 

2.  The  Problem  of  the  Kansas  Cities:  Greater 
Kansas  City  has  the  most  serious  flood  problem 
in  the  Missouri  Basin,  if  not  in  the  United 
States;  provision  for  its  adequate  protection 
constitutes  the  most  urgent  water  project  of 
any  kind  in  the  Missouri  Basin.  Tangible 
damages  of  more  than  $20,000,000  were  caused 
by  the  flood  of  1903,  and  the  figure  for  such 
damages  might  be  doubled  todaj'  bj'  a  flood  of 
similar  magnitude.  Intangible  damages  that 
cannot  be  computed  would  result  from  the 
flooding  of  bottom  land  industries  which  in 
1930  did  a  daily  business  of  more  than  $1,000,- 
()00,  and  of  the  crowded  railroad  yards  in  one 
of  the  Nation's  more  important  transportation 
centers.  The  maximum  flood  against  which 
the  present  protection  works  along  the  Kaw 
River  suffice  is  one  with  a  probable  periodicitj' 
of  about  once  in  twenty  years. 

The  solution  of  the  Kansas  Citj-  flood  prob- 
lem is  technically  difficult  because  it  involves 
two  rivers,  the  Kaw  and  the  Missouri,  and 
otherwise  difficult  because  it  involves  two 
states,  the  conflicting  laws  of  wliich  now  pre- 
vent active  cooperation.  However,  these  very 
difficulties  add  much  to  the  significance  of  a 
problem,    the    successful    solution    of    wliich. 


through  the  cooperative  efforts  of  local,  state, 
and  Federal  interests,  maj'  well  set  a  liiglily 
desirable  precedent. 

A  gratifying  amount  of  local  cooperation 
already  has  been  given  the  Mississippi  Valley 
Committee  in  its  preliminary  studies  of  the 
Kansas  City  situation.  The  chief  engineers 
of  all  the  railroads  affected  by  the  project  have 
formed  a  committee  which  has  furnished  a 
wealth  of  valuable  technical  data.  A  flood- 
control  committee  appointed  jointly  by  the 
two  chambers  of  commerce,  Kansas  City, 
Kansas,  and  Kansas  City,  Missouri,  has  under- 
taken a  study  of  the  new  legislation  that  wUl  be 
necessary  to  enable  the  two  states  to  work 
together,  and  has  begun  a  detailed  social  and 
economic  survey  of  the  bottomlands. 

Technically,  the  Kaw  River  problem  should 
be  solved  first,  since  the  nature  of  its  solution 
will  aft'ect  materially  the  design  of  levees  along 
the  Missouri  River. 

The  crowded  industrial  development  of  the 
Kaw  River  bottoms,  suggested  by  the  accom- 
panying airplane  view  throws  doubt  on  the 
feasibility  of  their  complete  protection  by 
levees.  The  Kiro  dam,  suggested  as  an  alter- 
native, is  impracticable  because  of  the  excessive 
cost  of  flowage  rights  and  because  of  the  fact 
that  its  construction  would  endanger  a  high 
culture  on  land  of  great  fertility.  But  indi- 
cations are  that  the  potential  Milford  and 
Tuttle  Creek  reservoirs  on  the  Republican  and 
Blue  rivers,  respectively,  would  in  1903  have 
given  adequate  protection  along  the  Kaw  River 
from  Manhattan  to  Kansas  City,  including 
Topeka,  Lawrence,  and  a  number  of  smaller 
commun  ities,  if  combined  with  some  local  levee 
work,  the  extent  of  which  has  not  yet  been 
determined. 

^^^^ile  technically  less  eftective  than  the 
proposed  Kiro  Reservoir,  the  Milford  and 
Tuttle  Creek  reservoirs  seem  to  have  com- 
pensating advantages  as  follows:  (1)  the  sites 
contain  no  main-line  railroad  trackage;  (2)  the 
narrowTiess  of  the  reservoirs  would  permit 
farming  on  the  bottoms  on  a  possible  average 
of  nine  years  out  of  ten;  and  (3)  fewer  towns 
and  fewer  homes  would  have  to  be  moved 
than  in  the  case  of  the  Kiro  Reservoir.  The 
two  reservoirs  probably  would  not  lend  them- 
selves, however,  to  multiple  purpose  operation, 
their  utilization  for  flood  prevention  appar- 
ently precluding  any  incidental  benefits  such 
as  the  generation  of  power  or  utilization  for 
recreation.' 
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'  It  is  possible  that,  in  the  event  of  construction,  earth  for  the  dams 
lay  be  taken  from  upstream  borrow  pits,  which  in  ttim  could  be  used 
1  creating  lakes  for  recreational  use. 
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3.  i?<'Xf/vo//x  to  Ameliorate  Floods  in  the  Lower 
Mississlpjii:  A  system  of  six  reservoirs  in  the 
lower  MissDiiii  Hasin,  involving  a  total  cost  of 
about  $86,000,000,  would  have  resulted  in  a 
total  reduction  of  25  inches  in  the  Cairo  flood 
stage  of  1927.  These  proposed  reservoirs  seem 
to  constitute  the  only  combination  in  the 
Missouri  Basin  that  possibly  may  prove  feasible 
as  a  means  of  lowering  floods  on  the  lower 
Mississippi.  They  are  the  Osceola,  Pomme  de 
Terre,  and  South  Grand  reservoirs  in  tlie 
Osage  Basin,  the  Chillicothe  Reservoir  in  the 
Grand  Basin,  and  the  Richland  and  Arlington 
reservoirs  in  the  Gasconade  Basin.  Of  the 
group,  only  the  Osceola  Reservoir,  the  cost  of 
which  is  estimated  at  about  .$31,000,000  would 
alone  have  had  an  appreciable  efl'ect  on  the 
1927  Mississippi  River  flood.  It  would  have 
brought  about  a  stage  reduction  of  approxi- 
mately one  foot  at  Cairo,  at  a  construction  cost 
of  something  more  than  $2,500,000  per  inch  of 
reduction. 

4.  Recommendations  and  Conclu-^idns:  (1)  It 
is  recommended  that  the  following  projects  be 
given  favorable  consideration  in  accordance 
with  the  jn-inciples  advocated  for  projects 
involving  chiefly  local  benefits  (page  28); 
Harlem,  Montana;  Saco,  Montana;  Glasgow, 
Montana;  Forsyth,  Montana;  Belle  Fourche, 
South  Dakota;  Ottawa,  Kansas;  Fort  Scott, 
Kansas;  and  Marmarth,  North  Dakota. 

(2)  The  intangibles  inherent  in  the  Kansas 
Cities  situation  indicate  that  adequate  flood 
control  there  would  bring  about  Federal  as 
well  as  local  benefits,  associated  with  such 
matters  as  (a)  the  protection  of  interstate 
transportation;  (b)  the  protection  of  that  part 
of  the  nation's  food  supply  dependent  on 
Kansas  City's  great  meat-packing  industries; 
and  (c)  the  protection  of  Ufe  and  health  in  a 
crowded  metropolitan  area. 

It  is  urgently  recommended  that  an  imme- 
diate technical  and  economic  investigation  be 
made  (a)  of  the  practicability  of  lowering  flood 
peaks  on  the  Kansas  River  through  the  Mil- 
ford  and  Tuttle  Creek  reservoirs,  and  of  com- 
bining such  regulation  with  flood  protection 
by  means  of  levees  at  Kansas  Cities  and  other 
municipalities  on  the  Kansas  River,  and  (b) 
of  any  alternative  possibilities  worthy  of  con- 
sideration. The  Corps  of  Engineers  estimates 
the  cost  of  such  an  investigation  as  $25,000. 
The  investigation  should  be  carried  on  by  the 
Federal  Government  and  local  interests,  work- 
ing cooperatively,  and  should  have  as  one  of  its 
aims  the  determination  of  ways  and  means 
whereby  a   comprehensive  interstate  conserv- 


ancy district  may  be  formed,  which  later  can 
participate  in  construction  if  that  is  imder- 
taken.  In  this  cooperative  investigation,  the 
Federal  Government  should  be  represented  by 
members  of  the  Corps  of  Engineers  and  of  the 
Water  Resources  Section  of  the  National  Re- 
sources Board.  In  the  event  that  the  Federal 
Government  agrees  to  bear  part  of  the  cost  of 
the  investigation,  immediate  steps  should  be 
taken  to  secure  local  cooperation,  shared  by 
the  railroads  and  industries  affected  as  well  as 
by  the  various  municipalities  and  drainage 
districts. 

(3)  No  reservoirs  in  the  Missouri  Basin  for 
the  amelioration  of  Mississippi  River  floods 
should  be  considered,  except  as  elements  in  a 
comprehensive  and  coordinated  system  of  reser- 
voirs involving  other  members  of  the  Missis- 
sippi System  as  well  as  the  Missouri  drainage. 
The  best  combination  of  reservoirs  to  accom- 
plish a  highly  desirable  reduction  of  two  feet 
or  more  in  the  flood  crests  at  Cairo,  might  not 
include  any  reservoirs  in  the  Missouri  drain- 
age area.  Despite  its  greater  length,  the  Mis- 
souri contributes  far  less  water  during  most 
floods  than  some  other  rivers,  notably  the  Ohio 
and  Arkansas,  to  the  master  stream. 
B.  Use  of  Water  for  Irrigation 

1.  Importance:  Irrigation,  where  successful, 
is  of  prime  importance  in  the  semiarid  section 
of  the  basin.  It  makes  a  farmer  who  has  an 
adequate  and  dependable  water-right  largely 
independent  of  the  uncertain  rainfall,  and  tends 
to  increase  the  yield  of  liis  land.  It  helps  to 
support  the  grazing  industry  by  furnishing  feed 
for  stock.  It  furnishes  towns  and  cities  nearby 
with  foodstuffs  otherwise  procurable  only  from 
more  remote  sources  of  supply  at  higher  cost. 
It  contributes  to  the  commercial  upbuilding  of 
such  communities.  It  aids  flood  control 
through  regulation  of  stream  flow. 

Conservative,  sound  extension  of  irrigation 
may  in  time  afford  new  and  welcome  oppor- 
tunities for  some  thousands  of  people  wishing 
to  escape  from  the  hazards  of  dry-land  wheat 
farming  or  from  other  conditions  unsatisfactory 
to  them;  may  render  feasible  a  few  power  de- 
velopments otherwise  impracticable;  and  may 
help  to  provide  a  supplemental  store  of  water 
for  some  towns  and  cities  now  confronted  with 
a  shortage.  On  the  other  hand,  overly  rapid  or 
unsound  extension  of  irrigation  can  only  aggra- 
vate the  difficulties  of  many  districts  already  in 
distress.  The  additional  area  that  ultimately 
may  be  reclaimed  through  irrigation  by  storage 
and  diversion  of  stream  waters  in  the  Missouri 
Basin  is  estimated  roughly  at  950,000  acres. 
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Kaw  River  bottomlands  of  Greater  Kaii-sas  City,  a  view  taken  near  the 
mouth  of  tlie  Kaw.  The  Missouri  is  shown  in  the  lower  right  corner.  The 
erowded  industrial  development  leaves  no  room,  horizontally,  for  flood 
water.  Making  room  vertically  would  involve  raising  both  the  levees  and 
the  bridges.  Raising  the  bridges  would  necessitate  raising  railroad  yards, 
streets  and  viaducts  crossing  these  yards,  spur  tracks  to  various  industrial 
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It  would  make  some  15,800  farms  averaging 
60  acres  each,  and  might  support  an  aggregate 
farm  population  of  some  75,000.  The  area  that 
could  be  irrigated  by  pumping  water  from 
underground  is  highly  conjectural.  Moreover, 
if  the  amount  pumped  year  by  year  in  a  given 
area  where  conditions  initially  were  favorable 
exceeded  that  concurrently  added  to  the  under- 
ground supply  by  infiltration,  the  water  table 
would  be  lowered  correspondingly  and  in  time 
would  pass  below  the  limit  of  profitable  pump- 
ing. Even  with  generous  allowance  for  indirect 
and  intangible  benefits,  it  is  clear  that  the 
further  development  of  irrigation  cannot  con- 
tribute in  a  large  way  to  the  general  welfare  of 
the  basin. 

2.  Trends  and  Problems:  There  were  approx- 
imately 4,200,000  acres  of  irrigated  land  in  the 
Missouri  Basin  in  1929,  about  one  percent  more 
than  in  1919  (see  map  of  irrigated  lands,  page 
74).  The  slight  increase  for  the  decade  does 
not  indicate  that  irrigation  had  attained  a 
stationary  condition  in  the  Basin  as  a  whole 
nor  does  it  imply  that  in  every  irrigated  area 
a  stable  and  profitable  adjustment  to  condi- 
tions of  soil  and  cUmate  had  been  established 
in  farm  practice. 

In  general,  irrigation  in  the  relatively  arid 
districts  in  the  southwestern  part  of  the  Basin 
is  more  successful  than  it  is  in  the  less  arid  dis- 
tricts of  the  northern  and  eastern  parts.  It 
is  most  successful  on  the  Colorado  Piedmont, 
where  the  ammmt  of  water  needed  per  acre  is 
high  and  where  the  conditions  of  producing  and 
marketing  sugar  beets  and  truck  crops  are 
relatively  favorable,  and  in  some  parts  of  the 
Platte  Eiver  drainage  area  west  of  Grand  Is- 
land, Nebraska.  The  irrigated  acreage  increased 
notably  in  portions  of  these  districts  between 
1919  and  1929,  but  throughout  both  districts 
there  has  been  a  persistent  tendency  to  expand 
unduly  the  acreage  during  periods  of  nonual 
or  excessive  rainfall,  with  resulting  shortage  of 
water  in  times  of  drought. 

In  the  northern  part  of  the  Colorado  Pied- 
mont alone  the  present  water  shortage  on  lands 
that  are  irrigated  is  estimated  to  average 
260,000  acre-feet  annually,  and  this  figure  takes 
no  account  of  the  water  that  would  be  required 
to  irrigate  390,000  acres  of  fertile  land  now 
under  the  ditch  there  but  not  cultivated.  The 
water  resources  of  the  neighboring  eastern 
slopes  of  the  Rocky  Mountains  are  utilized 
almost  completely.  Small  additional  suppUes 
might  be  obtained  by  impounding  infrequent 
flood  flows  at  great  expense,  but  the  only 
means  of  secm-ing  large  supplies  is  by  diversion 


froin  the  western  slopes.  Shortages  of  water 
also  are  severe  on  many  irrigation  projects  in 
Wyoming  and  western  Nebraska. 

The  less  rapid  evaporation  toward  the  north 
and  the  heavier  annual  rainfall  toward  the  east 
reduce  the  dependence  there  of  crop  production 
on  irrigation.  As  a  consequence,  many  farmers 
on  irrigation  enterprises  in  these  areas  tend  to 
employ  methods  of  dry  farming,  and  to  abandon 
irrigation  altogether  in  relatively  wet  years. 
Moreover,  the  temperature  conditions  of  the 
growing  seasons  are  not  well  suited  to  the  pro- 
duction of  beets  and  the  other  vegetables  which 
are  the  chief  cash  crops  in  profitable  enterprises 
in  the  southwest.  Most  projects  in  these  areas 
experienced  a  decrease  in  irrigated  acreage  be- 
tween 1919  and  1929,  and  first  and  last  many 
projects  have  been  abandoned  and  revived  re- 
peatedly. 

In  1929  there  were  approximately  1,280,000 
acres  of  land  in  the  basin,  located  chiefly  in  the 
less  dry  areas,  for  which  water  was  available  but 
which  were  not  irrigated.  This  excess  of  the 
acreage  which  could  have  been  served  over  that 
actually  irrigated  is  explained  in  large  part  by 

(1)  the  undeveloped  fields  in  operating  farms, 

(2)  the  incomplete  settlement  of  many  projects 
(the  Federal  projects  within  the  basin  ac- 
counted for  about  one- tenth  of  the  total  excess), 

(3)  the  dominance  of  dry-farming  practices  in 
some  localities,  and  (4)  the  abandonment  of  a 
number  of  projects.  Many  active  projects 
were  operated  at  a  loss,  and  great  hardships 
characterized  much  of  the  settlement  and  de- 
velopment under  way  on  new  projects.  This 
hardship  is  attributable  in  varying  degree  to  (1) 
high  per  acre  costs  of  construction,  due  in  part 
to  inadequate  soil  surveys,  (2)  want  of  suitable 
credit  facilities,  (3)  lack  of  technical  aid  in 
maldng  the  best  use  of  land,  and  (4)  the  fact 
that  many  settlers  were  without  earher  exper- 
ience in  the  exacting  technique  of  irrigation 
farming. 

The  recent  period  of  water  shortage  has  ac- 
centuated the  problems  of  irrigation  in  the 
Missouri  Basin;  communities  in  the  south- 
western part  are  suffering  from  lack  of  water  for 
lands  already  irrigated,  while  communities  in 
the  northern  and  eastern  parts  are  agitating  for 
the  building  of  new  works  or  the  reconstruction 
of  abandoned  ones. 

3.  Specific  Projects:  Further  expenditures  for 
irrigation  in  the  Missouri  Basin  are  desirable 
only  if  and  when  they  will  be  self -liquidating  in- 
vestments and  are  accompanied  by  measures 
competent  to  insure  profitable  and  continued 
settlement.     The  proposed  undertakings  con- 


sidered  by  the  ('oiuinittcc  fall  into  I  luce 
classes:  Class  A,  those  that  apparently  could  be 
developed  economically  now;  Class  B,  those  not 
feasible  now  that  may  become  so,  liowever,  in 
the  near  future;  and  Class  C,  those  not  justifi- 
able now  and  not  likely  to  become  so  in  the  near 
future.  The  placement  of  some  projects  neces- 
sarily is  very  tentative,  because  of  the  lack  of 
certain  data  concerning  them.  The  following 
table  lists  Class  A  and  Class  B  projects;  their 
location  is  shown  on  the  accompanying  project 
map. 

Irrigation  projects 


s 

Project 

Acreage 

Construc- 
tion cost 

Type 

Northern  Transmountain 
Graybull  Valley 

850,000 
60,000 

3,500 
14,000 

9,200 
14,300 
80,000 

8,100 

7,100 
10,600 
5,900 
8,900 

5,000 
12,200 
64,000 
15,000 
6,700 
8,000 
22,800 
22,600 
5,600 
7,700 
800 

16,000,000 
1,108,000 
00,000 
435,000 
110,000 
320,000 
3,4.50,000 
70,000 

301,000 
318,000 
249,000 
300,000 

335,  200 

440,  200 

1,773,000 

484,000 

535,000 

474,000 

1,427,000 

1,061,000 

320,000 

365,000 

57,000 

Supplemental. 
Do. 

Rock  Creek 

Do. 

Medicine  Bow 

Do.' 

18 

Buffalo  Rapids 

Do  ' 

20 

CLASS  B 

North  Loup  group: 

and    exten- 
sion." 

Burwell 

Do. 

Ord 

Do 

21 

Middle  Loupgrouj): 

Do 

22 

Middle  Loup .- 

Freemont  Canal 

Do. 
Do.i 

Paintrock 

Do  ' 

Joliet 

Do.i 

28 

Fish  Creek 

Do.' 

29 

Silver 

Do  1 

;  surveys  are  lacking. 

5.  Recommendations:  (1)  That  the  Federal 
Government,  through  the  Bureau  of  Reclama- 
tion, stand  ready  to  bear  half  the  cost  of  ap- 
propriate surveys  of  projects  that  are  probably 
feasible  but  concerning  wliich  data  are  lacking 
for  final  decision  as  to  feasibiUty,  provided, 
however,  State  and  local  agencies  bear  the 
remainder  of  the  cost. 

(2)  That  a  Committee  representing  such 
Federal  agencies  as  the  Bureau  of  Reclamation, 
the  Bureau  of  Agricultural  Engineering,  the 
Farm  Credit  Administration,  and  the  F.E.R.A., 
be  created  to  review  the  feasibility  of  projects 
for  the  construction  of  which  Federal  aid  may 
be  requested  from  time  to  time,  and  to  cooper- 
ate in  the  administration  of  their  settlement 


and  development,  if  and  when  tliey  are  con- 
structed. 

(3)  That  the  Federal  (jovernment  partici- 
pate in  financing  and  administering  such  of  the 
projects  listed  above  as  prove  to  be  technically 
and  economically  sound  on  complete  investi- 
gation. 

(4)  That  the  following  priority  in  construc- 
tion ob+.ain:  (a)  appropriate  supplemental 
works  for  existing  projects,  (6)  suitable  exten- 
sions of  existing  projects,  (c)  new  projects  of 
undoubted  merit. 

<'.  The  Use  of  Water  for  Municipal 
and  Domestic  Purposes 

1.  The  General  Problem:  In  the  headwater 
regions  of  the  Missouri  system  and  in  the  lower 
basin,  below  the  mouth  of  the  Platte,  most 
cities  and  towns  draw  on  surface  water  for  their 
municipal  supplies.  In  the  central  section,  par- 
ticularly in  Nebraska,  Iowa,  and  the  Dakotas, 
the  chief  dependence  is  on  wells  of  various 
depths. 

The  information  now  in  hand,  gathered 
mostly  from  applications  to  the  Public  Works 
Administration  for  grants  and  loans,  discloses 
a  large  number  of  municipal  water  problems, 
widely  scattered  throughout  the  basin.  P.W.A. 
grants  and  loans  made  in  the  Missouri  Basin 
to  date  for  municipal  water  projects  total 
$4,944,866,  and  affect  114  cities  and  towns 
with  a  combined  population  of  2,075,240. 
Grants  and  loans  for  sewer  projects  total 
$4,343,500,  and  concern  55  municipalities  with 
an  aggregate  population  of  1,635,000.  A  large 
number  of  applications  are  stUl  pending.  The 
problems  revealed  by  the  P.W.A.  applications 
are  confined,  for  the  most  part,  to  individual 
municipalities.  Attempts  to  plan  regionally 
for  the  solution  of  municipal  water  problems 
through  such  means  as  stream  regulation  have 
thus  far  been  hampered  in  most  cases  by  a  lack 
of  detailed  iniormation.  However,  the  Kansas 
State  Planning  Board  reports  that  in  the  upper 
Osage  Basin  a  number  of  towns,  dependent  on 
surface  water  for  their  municipal  supplies,  are 
faced  with  serious  water  shortages  and  with  no 
less  serious  problems  of  pollution  during  periods 
of  low  flow.  The  situation  would  seem  to 
reveal  a  regional  problem  that  perhaps  can  be 
solved  best  through  the  proper  regulation  of 
streams,  though  data  are  lacking  bj"^  means  of 
which  the  problem  or  its  possible  solutions  can 
be  evaluated.  Parts  of  the  Colorado  Piedmont 
and  of  the  Plains  are  also  confronted  with 
pressing  water-supply  problems  of  regional 
scope. 
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2.  The  Prublem  in  the  Colorado  Piedmont:  In 
tlie  Colorado  Piedmont  the  existiiij^  shortage  of 
surface  water  is  serious  at  Denver  and  at  some 
smaller  cities  as  well,  and  it  has  forced  these 
communities  to  look  to  the  western  slopes  of 
the  Rockies  for  additional  supplies.  Denver 
has  applied  to  the  Public  Works  Administration 
for  a  loan  of  $3,500,000  for  the  Fraser  River 
transmountain  diversion  of  90,000  acre  feet 
per  year  through  the  Mofi'at  pilot-tunnel,  and 
it  owns  water  rights  that  give  control  over  the 
potential  Williams  Fork  diversion  (25,570  A.F. 
per  year)  and  the  Blue  River  diversion  (109,000 
A.F.  per  year).  It  seems  likely  that  the  cluster 
of  cities  and  towns  near  Denver  may  have 
unrecognized  common  interests  in  their  water 
supply  problems,  and  the  possibihty  of  a  solu- 
tion that  would  meet  the  needs  of  the  group 
siiould  be  investigated  thoroughly  in  connection 
with  the  contemplated  Williams  Fork  and  Blue 
River  diversions. 

3.  The  Problem  in  A^orth  Dakota:  There  has 
been  a  notable  lowering  in  ground-water  levels 
in  the  Northwest  for  several  years,  a  process 
intensified  by  the  recent  severe  and  protracted 
drought.  Very  many  wells  that  extend  only 
a  short  distance  below  the  normal  level  of 
ground  water  have  failed,  the  springs  have 
withered  or  gone  dry,  and  most  surface  streams 
have  ceased  to  flow.  Some  of  the  small  bodies 
of  impounded  surface  waters  that  remain 
are  so  polluted  as  to  constitute  a  menace  to 
public  health. 

Any  substantial  recharge  of  wells  or  increase 
in  the  ground-water  discharge  to  streams  must 
be  preceded  for  some  time  by  generous  precipi- 
tation, and  the  shortage  of  water  for  domestic 
and  municipal  purposes  and  for  stock  has  grown 
steadily  more  acute  with  the  continuance  of 
the  drought.  The  possibilities  of  relief,  apart 
from  the  replenishment  of  depleted  supplies 
by  nature  at  an  uncertain  time,  are  (1)  the 
diversion  of  flood  waters  from  the  Missouri 
River,  (2)  the  construction  of  low  dams  on  the 
Sheyenne  and  James  rivers  to  store  the  spring- 
time run-off  of  those  streams,  and  (3)  the  pro- 
vision of  new  ground-water  supplies  by  drilling 
wells  into  the  deeper  water-bearing  formations. 

(I)  The  Missouri  River  diversion  project  is 
wholly  impracticable.  Thus,  the  volume  of 
water  that  could  be  diverted  would  be  insignifi- 
cant in  comparison  with  the  need  for  water; 
even  if  a  vastly  greater  amount  could  be  di- 
verted, many  years  would  pass  before  a  large 
area  could  be  benefited  in  any  way,  because 
of  the  slow  rate  at  which  ground  waters  per- 
colate, and  especially  because  the  water  table 


slopes  toward  the  lake  basin  and  valley  de- 
pressions into  which  it  is  proposed  to  discharge 
the  diverted  waters;  the  cost  of  the  under- 
taking would  be  excessive  in  view  of  the 
meager  benefits  reasonably  to  be  expected; 
and  in  the  judgment  of  reliable  authorities  the 
proposed  site  for  the  diversion  dam  on  the 
Missouri  River  is  unsuitable,  while  it  is  un- 
likely that  an  appropriate  alternative  site 
exists. 

(2)  A  reconnaissance  of  the  Sheyenne  and 
James  rivers  by  the  Corps  of  Engineers  led  the 
Chief  of  Engineers  to  recommend  a  detailed 
survey  to  determine  the  technical  and  economic 
practicability  or  impracticability  of  construct- 
ing shallow  reservoirs  on  them,  and  an  allot- 
ment for  the  purpose  has  been  made  to  the 
War  Department  by  the  Public  Works  Ad- 
ministration. It  may  be  found  practicable  by 
means  of  storage  reservoirs  to  provide  some 
relief  for  the  towns  and  farms  in  the  valleys  of 
these  rivers. 

(3)  Nearly  all  of  North  Dakota  and  of  South 
Dakota,  which  appears  to  have  suffered  no  less 
than  its  neighbor  from  an  acute  shortage  of 
surface  and  well  waters,  is  underlain  by  more 
or  less  deep  water-bearing  formations  that  form 
great  hold-over  reservoirs  competent  to  yield 
the  needed  supply  of  water  for  farms,  ranches, 
and  villages  throughout  most  of  both  states. 
In  most  localities,  relief  can  be  had  by  drilling 
wells  into  those  formations.  Sites  for  drilling 
should  be  located  in  areas  of  distress  by  water 
geologists  on  request  of  the  rehef  authorities. 
Where  public  wells  are  needed  by  small 
villages  or  groups  of  families,  they  should  be 
located,  if  practicable,  on  school  yards  or  other 
pubhc  property.  If  such  wells  are  drilled  on 
private  land,  the  owner  should  be  required  to 
provide  a  suitable  easement  that  would  permit 
other  citizens  of  his  county  free  use  of  the 
water  supply  when,  and  so  long  as,  the  Board 
of  County  Commissioners  may  declare  the 
existence  of  an  emergency.  County  Relief 
Administrations  might  well  be  authorized  to 
use  appropriate  amounts  of  F.E.R.A.  funds  to 
drill  such  wells  and  to  provide  essential  pump- 
ing equipment  for  their  use  when  such  equip- 
ment is  not  otherwise  available.  State  geolo- 
gists, or  their  competent  representatives,  should 
give  advice  without  charge  regarding  suitable 
sites  and  requisite  depths  for  wells,  proper 
methods  of  construction,  and  the  like,  to  land 
owners  contemplating  driUing  at  their  own 
expense  and  needing  expert  advice.  The 
Federal  Housing  Administration's  moderniza- 
tion credit  plan,  designed  to  facilitate  loans  to 


property  owners  for  the  purpose  of  improving 
their  property,  might  to  advantage  particuhirly 
encourage  loans  for  drilHng  wells  in  drought- 
stricken  areas. 

4.  Conclusions  and  Recommendation:  (1) 
Where  problems  of  municipal  water  supply 
are  purely  local  in  character,  Federal  aid,  if 
granted,  should  be  of  the  type  heretofore 
given  by  the  Public  Works  Administration. 

(2)  ^Vliere  there  is  the  possibility  of  aiding 
a  number  of  municipaUties  through  the  regu- 
lation of  streams,  part,  at  least,  of  the  cost  of 
preliminary  engineering  work  may  properly 
be  borne  by  the  Federal  Government.  The 
construction  cost  should  be  allocated  much  as 
in  the  case  of  flood  control,  where  the  forma- 
tion of  a  responsible  local  water  district  or  con- 
servancy district  to  bear  an  appropriate  part 
of  the  cost  is  recommended  as  a  prerequisite 
to  Federal  contribution.  In  principle,  cooper- 
ative group  action  under  a  regional  plan  is 
worthy  of  active  encouragement. 

(3)  The  Fraser  River  transmountain  diver- 
.sion  project  is  endorsed  in  principle. 

(4)  It  is  recommended  that  the  Federal 
Government,  through  its  appropriate  agencies, 
vigorously  encourage  the  drilling  of  wells  to 
the  deeper  water-bearing  formations  in  the 
drought  areas  of  the  basin,  both  as  a  means  of 
early  relief  and  as  an  "insurance  "  against  short- 
age of  well  waters  in  future  periods  of  drought 
D.  The  Use  of  Streams  for  Navigation 

1.  Problems  oj  Naingation:  The  main  stem  of 
the  Missouri  River  is  being  improved  for  navi- 
gation in  the  face  of  great  obstacles  and  at  an 
expense  which  has  very  doubtful  justification. 
The  obstacles  hindering  its  effective  develop- 
ment and  use  as  a  waterway  include  both  the 
nature  of  the  river  itself  and  the  nature  of  the 
transportational  needs  of  the  basin.  The 
rather  short  navigation  season  in  the  middle 
and  upper  reaches  of  the  river,  the  low  flow  in 
late  summer  and  autumn  (normally  peak 
seasons  in  the  traffic  of  the  basin),  the  shifting 
natural  channels,  the  vmstable  bottom,  from 
which  flood  waters  pick  up  here  and  there  huge 
quantities  of  sUt  that  are  deposited  at  various 
points  farther  downstream,  the  similarly 
unstable  banks  in  most  places,  the  almost  com- 
plete lack  of  navigable  tributaries  to  serve  as 
branch  lines  of  traffic,  the  general  direction  of 
flow  from  the  vicinity  of  Williston,  N.Dak.,  to 
Kansas  Citj-,  one  that  is  directly  athwart  the 
dominant  course  of  traffic,  and  the  sparse 
population  and  low  population-supporting  ca- 
pacity of  most  of  the  country  along  the  upper 
reaches,  are  factors  that  restrict  the  commercial 


usefulness  of  the  river  and  tiiat  nuike  for  great 
difficulty  and  great  expense  in  attempts  at  its 
improvement. 

Channel  works  to  maintain  a  sLx-foot  depth 
and  Fort  Peck  Reservoir  to  create  an  eight  to 
nine  foot  depth  below  Yankton  comprise  the 
existing  project  between  Sioux  City  and  the 
mouth  of  the  river.  The  channel  improve- 
ments below  Kansas  City  are  almost  finished, 
those  above  Kansas  City  are  about  half  com- 
pleted, and  construction  of  the  Fort  Peck 
Reservoir  will  require  at  least  two  more  years. 
Work  on  the  channel  between  Sioux  City  and 
Fort  Benton  consists  merely  of  snagging  and 
the  maintenance  of  bank-protection  structures. 
There  is  organized  agitation,  however,  for  the 
extension  of  substantial  channel  improvements 
farther  upstream. 

Fort  Peck  Reservoir  will  cost  at  least 
$86,000,000,  and,  in  addition  to  improving  the 
navigability  of  the  river,  probably  will  yield 
immediate  benefits  in  connection  with  power 
development  and  flood  control  having  a  capi- 
talized value  of  $10,000,000.  Further  ex- 
penditures may  make  possible  ultimate  power 
and  irrigation  developments  with  an  estimated 
capitahzed  value  of  $40,000,000.  The  chan- 
nel improvements  above  Kansas  City  will  cost 
about  $77,000,000,  and  those  below  that  city 
about  $80,000,000.  Thus,  the  total  construc- 
tion cost  for  the  improvements  underway  will 
not  be  much,  if  any,  below  $250,000,000. 

Assuming  that  the  more  optimistic  estimates 
of  future  traffic  on  the  river  will  be  realized, 
the  savings  to  shippers  which  woidd  result 
from  free  operation  of  the  waterway  would 
exceed  by  only  a  small  margin  the  annual 
charge  to  be  borne  by  the  public  for  mainte- 
nance and  interest  on  the  investment.  If  fees 
were  levied  with  a  view  to  reimbursing  the 
Government  for  the  cost  of  maintenance 
only,  the  volume  of  traffic,  doubtless,  would  be 
reduced  materially  and  the  savings  to  sliippers 
would  be  vitiated  in  large  measure.  Most 
current  estimates  of  prospective  tonnage  are 
exceedingly  liberal,  and  if  the  present  traffic 
on  the  section  below  Kansas  City  may  be 
accepted  as  in  any  degree  indicative  of  future 
prospects,'  the  probability  of  those  estimates 
ever  being  realized  even  on  a  free  waterway 
is  very  slight. 
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I  In  a  letter  to  the  Secretary  of  War,  dated  September  30,  1933,  the 
Chief  of  Army  Engineers  said:  "There  is  practically  no  commercial 
traffic  on  the  Missouri  River  at  present  except  that  incident  to  sand  and 
gravel  dredging  and  to  ferry  operation.  The  reported  commerce  in  1929 
between  the  mouth  and  Kansas  City  was  1,160,000  tons  and  between 
Kansas  City  and  Sioux  City,  209,000  tons.  01  this,  all  but  1,300  tons 
consisted  of  construction  materials  moved  by  riv 
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Because  of  (lie  rectification  and  stabilization 
of  tlie  river  channel  below  Kansas  City,  the 
])rotection  of  the  bottojiilands  there  from 
lateral  planation  by  the  river  and  the  amelio- 
ration of  flood  conditions  have  become  inci- 
dental benefits.  The  value  of  the  foimer  is 
verj^  considerable,  and  that  of  the  latter  is 
negligible. 

The  adequacy  of  some  of  the  works  now 
under  construction  is  doubtful.  The  Channel 
below  Kansas  City  is  still  unsatisfactory  at 
several  points,  while  the  effect  of  Fort  Peck 
Reservoir  on  low  water  flow  in  a  series  of  dry 
years  such  as  1930-1934  would  have  reached 
or  closely  approached  its  limit. 

The  only  tributaiy  waterway  the  improve- 
ment of  which  has  been  maintained  in  recent 
years  is  the  Osage  River.  It  is  ijuproved  for 
a  distance  of  75  miles  above  its  mouth  to  a 
project  depth  of  3  feet  at  a  total  cost  of  $1,- 
286,000  and  is  maintained  at  an  average  annual 
cost  of  $18,500.  The  average  annual  tonnage 
that  moved  on  the  river  in  the  period  1928-1932, 
excluding  construction  materials  for  Bagnell 
Dam,  was  1,480.  Fees  sufiicient  to  reimburse 
the  Government  for  the  cost  of  maintenance 
alone  would  have  amounted  to  $3.50  per  ton- 
mile.  Projects  on  the  Gasconade  and  Yellow- 
stone rivers  were  maintained  at  one  time,  but 
they  are  now  curtailed  or  abandoned. 

2.  Recommendations:  (1)  That  no  further 
navagation  projects  in  the  Missouri  Basin  be 
undertaken  until  the  present  project  for  the 
improvement  of  the  Missouri  below  Siou.x 
City  is  completed,  and  its  benefits,  if  any, 
have  been  determined. 

(2)  That  the  Osage  River  project  be  aban- 
doned. 
E.  The  Use  of  Water  for  Power 

1.  The  General  Prohlem:  The  total  undevel- 
oped water  power  of  the  Missouri  Basin  is 
about  2,110,000  kw.  Sbc  Class  A  projects, 
totalling  717,400  kw.  and  comprising  ten 
plants,  are  listed  in  the  accompanying  table  as 
worthy  of  first  consideration.  They  were 
selected  on  the  basis  of  the  construction  cost, 
preliminary  estimates  showing  that  they  can 
be  built  for  less  than  $150.00  per  kw.  Five 
other  projects,  totalling  126,000  kw.  and  com- 
prising nine  plants,  are  listed  as  Class  B  enter- 
prises on  the  basis  of  an  estimated  cost  ranging 
from  $150  to  $200  per  installed  kw.  The  esti- 
mates given  are  subject  to  thorough  revision 
in  the  light  of  all  relevant  conditions  existing 
when  early  development  is  contemplated.  The 
capacity  figures  used  necessarily  are  based  on 
stream-flow  measurements  of  insufficient  dura- 


tion.    In  all  cases,  further  geologic 
tiotis  MIC  needed  at  the  dam  sites. 
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The  project  map  for  the  basin  shows  that  the 
potential  Class  A  power  sites  are  in  headwater 
regions  where,  in  all  cases  except  that  of  the 
Elkhorn  plant,  population  densities  are  too 
low  to  support  large-scale  power  projects  under 
existing  technical,  social,  and  economic  condi- 
tions. The  Elkhorn  project  is  presented  as  in 
combination  with  a  project  for  a  supplemental 
supply  of  water  for  irrigation  that  is  not  justified 
under  present  conditions.  Among  the  Class  B 
projects,  the  Sutherland-Plum  Creek  sites  seem 
not  too  remote  from  potential  local  markets. 
Applications  for  loans  and  grants  to  be  used  for 
constructing  these  plants  in  combination  with 
irrigation  works  are  now  in  the  hands  of  the 
Public  Works  Administration.  Any  markets 
within  usual  transmission  distances  that  may 
be  predicted  for  the  other  potential  power  de- 
velopments fisted  will  probably  be  glutted  by 
the  output  of  existing  plants,  the  Fort  Peck 
and  Casper-Alcova  projects  now  under  con- 
struction by  the  Government,  and  the  large 
P.W.A.  projects  under  construction  or  in 
prospect  on  the  Platte  River. 

The  only  large-scale  power  project  in  the 
Missouri  Basin  that  seems  wholly  feasible  to- 
day on  the  basis  of  partial  evidence  in  hand,  is 
the  so-called  "GiUette  Coal-Power  Project",  in 
which  a  steam  plant  at  the  government-owned 
lignite  deposits  of  Campbell  County,  Wyoming, 
would  serve  the  farms,  towns,  and  industries  in 
the  Black  Hills  Uplift  with  low-cost  electricity. 
(See  also  page  178.)  The  possibihty  of  detailed 
investigation  of  this  project,  at  the  expense  of 
the  Federal  Government  and  financed  through 
the  Reconstruction  Finance  Corporation,  is 
now  being  considered. 


As  pointed  out  in  the  power  policy  section  of 
this  report,  the  relations  between  power  supply 
and  power  markets  are  in  a  state  of  flux.  Tech- 
nical developments  in  generation  and  especially 
in  transmission,  changes  in  public  policy,  move- 
ments of  population,  shifts  in  cultural  levels, 
and  the  like,  may  alter  conditions  rapidly  and 
presently  make  feasible  the  development  of 
some  or  all  of  the  water-power  sites  listed. 

The  problem  of  the  undeveloped  water-power 
sites  of  the  Missouri  Basin  is  at  present  largely 
one  of  conservation,  of  exercising  such  Federal 
control  over  them  as  will  permit  their  later 
development,  whether  by  private  or  public 
interests,  in  a  carefully  planned  manner  calcu- 
lated to  promote  the  public  welfare,  rather 
than  in  haphazard  fasliion.  Such  control  of 
the  sites  as  the  Federal  Power  Commission  now 
possesses  is  determined,  in  general,  by  the 
luivigability  of  the  streams  involved  and  the 
extent  to  which  public  lands  are  affected.  The 
Fort  Benton  site  is  at  the  head  of  theoretical 
navigation  on  the  Missouri  River,  but  the 
desirability  of  maintaining  the  mytliical  "navi- 
gability" of  the  uppermost  river  in  order  to 
control  its  potential  power  is  questionable.  In 
view  of  a  recent  ruling  of  the  Federal  Power 
Conmiission  that  it  has  no  jurisdiction  over 
power  sites  on  the  Platte  River,  it  seems  prob- 
able that  no  control  can  be  exercised  by  it  over 
the  other  sites  on  the  basis  of  the  navigability 
of  streams.  However,  all  the  reservoir  sites  of 
the  upper  basin  include  vacant  public  lands. 

2.  Recommendations:  (1)  It  is  recommended 
that  no  immediate  further  development  of 
Missouri  Basin  water-power  resources  at  Fed- 
eral expense  be  undertaken. 

(2)  It  is  recommended,  as  a  nuitter  of  policy 
and  in  order  to  preserve  Federal  control  over 
power  resources  on  lands  now  in  Government 
ownersliip,  that  public  lands  on  the  reservoir 
sites  of  potential  power  projects  in  the  basin  be 
not  allowed  to  come  under  private  owiUMship. 
F.  The  Use  of  Water  Areas  for  Recreation 

1.  Problems  of  Recreation:  The  public  parks 
and  forests  of  the  Rocky  Mountain  slopes 
furnish  abundant  recreational  opportunities  for 
tourists  from  other  parts  of  the  country  as  well 
as  for  the  local  populations,  but  throughout 
most  of  the  Missouri  Basin  a  tree  bordered  body 
of  water  suitable  for  swimming,  boating,  fishing, 
and  picknicking  is  at  a  premium.  The  inhabi- 
tants of  the  sunburnt  towns  and  farms  of  the 
middle  plains  have  few  or  no  easily  accessible 
water  bodies  and  forests.  In  the  eastern  part 
of  the  basin,  where  the  total  demand  for  recrea- 
tion is  greatest,  there  are  some  suitable  lakes 


and  streams  in  the  Central  Lowland  and  many 
of  them  on  the  Ozark  Plateau.  The  facilities 
afforded  by  those  in  the  Central  Lowland  have 
been  utihzed  rather  fully,  while  development  of 
the  Ozark  facilities  has  begun  only  recently. 
In  both  areas  there  is  little  danger  of  any  over 
development  of  lakes  and  adjacent  forests  for 
recreational  use. 

Throughout  the  Basin  the  supply  of  game 
preserves  is  hkewdse  inadequate  even  for  exist- 
ing needs.  Preserves  might  be  useful  in  flood- 
control  reservoirs  which  do  not  lend  themselves 
to  direct  human  use  because  of  the  range  in 
water  levels. 

2.  Principles  of  Action:  In  view  of  the  con- 
ditions indicated,  the  early  provision  of  further 
recreational  facilities  in  the  middle  and  eastern 
parts  of  the  Missouri  Basin  is  highh'  desirable, 
and  so  far  as  practicable  such  facilities  should 
be  regarded  by  the  Federal  Government  as  an 
essential  feature  of  any  project  for  the  impound- 
ing of  waters  there  for  purposes  of  power,  flood 
control,  or  irrigation.  Because  the  benefits 
would  be  chiefly  local,  the  role  of  the  Govern- 
ment should  be  that  of  insuring  the  proper 
use  of  the  artificial  lakes  and  their  bordering 
lands,  rather  than  that  of  actual  administration. 

3.  Recommendation:  That  the  Federal  Gov- 
ernment through  its  appropriate  existing  agen- 
cies (The  National  Park  Service,  the  Forest 
Service,  and  the  Biological  Survey)  initiate  at 
the  proper  time  a  survey  of  the  recreational 
potentiaUties  of  each  economically  feasible 
reservoir  project  in  which  it  has  a  financial 
interest,  that  it  practicable  it  secure  title  in 
fee  simple  to  the  reservoir  and  adjacent  lands 
where  this  recreational  use  is  feasible,  and  that 
it  supervise  in  suitable  degree  the  administra- 
tion of  such  lands.  The  state  government 
involved  should  cooperate  in  the  survey  if 
practicable,  and  should  administrate  those 
lands  which  yield  principally  local  benefits. 
III.  Project  Areas 

It  would  be  possible,  as  a  result  of  the  study 
of  the  Missouri  Basin  thus  far  made,  to  suggest 
an  order,  tentatively  or  in  some  cases  definitely 
estabUshed,  in  which,  for  example,  commend- 
able power  projects,  or  inigation  projects,  or 
flood-control  projects  might  well  be  carried 
out.  But  even  if  a  similar  thing  could  be 
done  for  each  type  of  problem  associated  with 
the  use  or  control  of  water,  it  alone  would 
constitute  an  inadequate  basis  for  the  inaugiu-a- 
tion  of  an  effective  plan  for  the  basin.  The 
problems  of  water  interlock.  Merely  to  deal 
with  them  separately  would  not  suffice.  They 
should  be  studied  in  the  distinctive  combina- 
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i<l)         Soutli  Dakota  farm  affected  by  wind  erosion  in  May   1! 


tions  found  in  different  parts  of  the  basin  and 
in  association  with  relevant  land  problems. 

Several  areas  in  the  Missouri  Basin  which 
lend  themselves  well  to  segregation  as  adminis- 
trative units  for  multiple-purpose  planning  are 
briefly  discussed  below  and  shown  on  the 
accompanying  map.  It  is  probable  tliat  a 
detailed  examination  of  the  interconnected 
problems  found  in  these  areas  would  alter  the 
values  attached  to  several  specific  projects 
noted  in  preceding  pages,  that  it  would  make 
some  Class  A  projects  appear  less  desirable 
than  they  seem  on  the  basis  of  the  methods  of 
evaluation  thus  far  used,  or,  on  the  other  hand, 
increase  the  desirabiUty  of  some  Class  B  proj- 
ects, and  that  it  might  point  to  the  need  of 
undertaking  projects  not  Usted  at  all  in  this 
report. 

A.  The  Ozark  Highland:  The  Federal 
Government  and  the  states  of  Missouri  and 
Arkansas  should  participate  cooperatively  in 
perfecting  and  carrying  out  a  balanced  and 
integrated  plan  for  the  Ozark  Highland.  The 
major  objectives  of  such  a  plan  arc  the  follow- 
ing: 

(rt)  Economic  and  social  reconstruction. 

(6)  Pro^'ision  of  much  needed  roads. 

(c)  Withdrawal  from  tillage  of  a  great  body 
of  stony  and  gravelly  loam  soils  of  submarginal 
character  agriculturally  that  comprise  the 
]>oorest  class  of  farms  in  Missouri  and  a.i)})ar- 
cntly  also  in  Arkansas,  farms  that  in  thousands 
of  cases  seem  doomed  under  existing  conditions 
to  abandonment  by  their  poverty-stricken 
owners. 

{d)  Prevention  of  further  deterioration  of 
large  areas  ol  rough,  hilly,  or  mountainous  land 
now  subject  to  more  or  less  serious  erosion. 

(e)  Amelioration  of  floods  and  reduction  of 
channel  siltage  in  the  lowermost  Missouri  and 
the  lower  Mississippi  rivers  through  the 
development  of  an  effective  forest  cover  over 
much  of  the  highland  in  the  upper  drainage 
areas  of  various  tributaries. 

if)  Amelioration  of  floods,  regulation  of 
stream  flow,  and/or  development  of  power 
through  storage  ol  water,  together  with  the 
development  of  such  facilities  for  recreation 
and/or  the  conservation  of  wild  life  as  may  be 
combined  advantageously  with  the  operation 
of  the  reservoirs  for  other  purposes. 

{g)  Stimulation  of  timber  production  on  low- 
grade  land  near  great  lumber  markets. 

{h)  Promotion  of  the  recreational  use  and 
value  of  the  Highland,  an  area  near  great  popu- 
lation centers  and  remote  from  major  parks  of 
general  interest. 


B.  The  Eastern  Loidands:  A  general  pre- 
requisite to  the  successful  solution  of  the 
principal  water  problems  of  the  lowland  por- 
tions of  the  eastern  zone  of  the  basin  is  con- 
certed action  by  the  respective  groups  of  cities 
and  towns  affected  by  them. 

The  eftVctivc  control  of  floods  on  the  Kansas 
and  lower  Missom'i  rivers  involves  participa- 
tion by  states,  large  cities,  and  rural  communi- 
ties. Kansas  City  flood  control  requires  a  type 
of  cooperation  by  local  interests  which  has  been 
lacking  in  the  past  and  which  deserves  pro- 
motion by  the  Government.  The  shortages  of 
water  for  domestic  and  indiistrial  purposes 
which  have  hampered  so  numy  of  the  lowland 
municipalities  in  recent  years  will  also  demand 
a  real  coordination  of  corrective  measures. 
A  case  m  point  is  found  in  the  Osage  River 
Valley.  The  utility  of  the  unprovements  for 
navigation  that  have  been  made  in  the  lower 
Missouri  will  depend  in  large  part  on  terminal 
facilities  that  should  be  provided  by  cooper- 
ative action  of  the  local  communities  and 
agencies  that  contemplate  using  the  river. 

The  fact  that  several  governments  and  many 
interests  are  concerned,  makes  Federal  aid  in 
directive  planning  for  such  projects  as  the  fore- 
going eminently  desirable. 

The  economic  considerations  which  are  basic 
to  effective  procedure  along  these  lines,  that  is, 
the  informational  bases  of  planning,  are  like- 
wise common  to  most  of  the  area.  The  welfare 
of  the  lowland  cities,  their  abiUty  to  finance  im- 
provements, and  their  probable  future  growth 
are  dependent  to  a  considerable  degree  on  the 
utilization  of  adjacent  agricultural  lands,  and 
on  the  complex  forces  which  have  generated 
the  westward  sliift  of  urban  life  and  manu- 
facturing in  recent  years.  In  the  light  of  these 
considerations  and  with  proper  guidance,  a 
group  of  cooperative  programs  of  water  use 
and  control  should  be  developed. 

C.  The  Central  Plairis:  Inadequate  supplies 
of  soil  moisture  for  crops  and  pastures,  and  in- 
adequate quantities  of  surface  waters  and  of 
ground  waters  recoverable  from  existing  wells 
for  people  and  stock  are  fimdamental  aspects 
of  most  of  the  present  economic  problems  of 
the  central  plains.  Throughout  their  broad 
extent  the  major  question  in  planning  for  the 
future  is  how  best  to  use  the  land,  in  view  of 
the  present  water  shortage,  the  prospective 
cyclical  variations  in  precipitation,  the  char- 
acter of  the  land,  and  the  numerous  cultural 
factors  affectmg  the  use  of  the  land.  These 
plains  have  been  an  area  of  excessive  risk  in 
land  use  and  while  they  probably  never  can 
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be  made  one  of  security,  the  risk  certainly  can 
be  reduced  greatly  through  wise  planning. 

The  hazards  of  dry-farming  are  especially 
great.  The  most  stable  aspect  of  life  in  many 
dry-farming  districts,  however,  is  the  tenacious 
determination  of  farmers  to  maintain  them- 
selves in  the  face  of  recurrent  crop  failure. 
Even  those  settlers  who  depend  chiefly  on 
grazing  suffer  during  dry  years  from  barren 
pastures  and  lack  of  supplemental  forage. 
The  distress  of  farmers  and  ranchmen  in  periods 
of  water  shortage  is  reflected  in  the  towns  and 
cities,  most  of  whose  inhabitants  depend  as 
certainly,  though  indirectly,  on  the  products  of 
field  and  pasture. 

As  a  consequence,  in  part,  of  cultivation  and 
overgrazing,  the  soils  over  large  areas  of  these 
semiarid  and  subhumid  lands  are  subject  to 
severe  sheet  erosion  by  storm  waters  and  to 
erosion  by  strong  winds.  The  accompanying 
photograph,  taken  in  South  Dakota,  shows 
wind-swept  topsoil  piled  high  above  a  group  of 
farm  buildings.  The  drainage  areas  of  the 
Kansas  River  and  of  the  east-flowing  tributaries 
of  the  Missouri  between  the  mouths  of  the 
Platte  and  the  Yellowstone  are  eroded  badly  in 
their  drier  parts,  and  they  contribute  high  con- 
centrations of  silt  to  the  troublesome  Missouri. 

Improvements  in  the  dominant  agricultural 
system  and  in  the  care  of  the  land  are  problems 
of  land  use  that  lie,  for  the  most  part,  beyond 
the  scope  of  this  report.  It  is  clear,  however, 
that  there  should  be  widespread  changes  in 
land  utiUzation,  and  that  effective  adjustments 
to  the  available  water  resources  and  suitable 
measures  for  the  use  and  control  of  water  must 
play  an  important  role  in  any  successful  pro- 
gram of  land  use.  The  difficulties  of  securing 
additional  water  for  irrigation  in  this  belt,  as 
discussed  in  a  previous  section,  make  liighly 
problematical  the  outcome  of  any  attempts 
there  at  readjustments  in  farming  by  that 
means.  The  construction  of  water-supply 
works  in  some  localities  might  only  serve  to 
strengthen  for  a  time  a  social  order  which 
should  be  replaced.  Similarly,  works  for  flood 
control,  hydroelectric  power,  or  navigation 
might  in  some  cases  support  or  induce  condi- 
tions opposed  to  long-time  betterment. 

Exhaustive  studies  of  possible  changes  in 
types  of  farming  will  be  necessary  before 
profitable  programs  of  land  use  in  much  of  the 
central  plains  can  be  formulated.  With  com- 
paratively few  exceptions.  Federal  participa- 
tion in  projects  for  the  use  and  control  of  water 
there  should  be  subordinate  to  and  an  integral 
part   of   such   a   land-use   program.     By    this 


method  only  will  it  be  possible  to  avoid  a 
repetition  of  the  painful  experiences  of  the  past. 
The  requisite  studies  should  be  pushed  vigor- 
ously. 

D.  The  Black  Hills  Uplift:  Reference  already 
has  been  made  to  the  Gillette  Coal-Power 
project  (see  page  174),  whereby  power  would  be 
generated  at  Gillette,  Wyoming,  to  serve  the 
farms,  towns,  and  industries  of  the  Black  Hills. 

Because  of  the  nature  of  the  consuming  area, 
this  proposal  seems  to  afford  a  splendid 
opportunity  for  social  betterment  through  the 
medium,  in  part,  of  an  abundant  supply  of  low- 
priced  power.  Relatively  isolated,  an  "island" 
physically  and  culturally,  the  Black  Hills 
Uplift  is  well  suited  for  segregation  as  a  plan- 
ning unit.  Its  scenic  attractions  make  it  a 
recreational  center  of  great  potential  value  for 
people  of  the  Dakotas,  Nebraska,  eastern 
Montana,  and  eastern  Wyoming,  if  not  of  the 
entire  country.  The  mineral  and  timber 
industries  of  the  Hills,  the  growing  number  of 
small  manufacturing  industries,  and  the  several 
towns  within  an  area  small  enough  to  be  served 
readily  by  motor-truck  transport  offer  markets 
for  the  diversified  agricultural  products  that 
can  be  grown  in  the  area.  More  or  less  com- 
plete industrial,  urban,  and  rural  electrification 
seems  to  be  an  early  possibility  if  the  Gillette 
project  proves  sound  and  is  carried  out.  It 
seems  probable,  moreover,  that  cheap  power 
would  materially  aid  farmers  in  the  semiarid 
valleys  in  and  beyond  the  foothills,  by  making 
possible  the  irrigation  of  some  of  their  land 
with  pumped  water. 

Data  are  lacking  for  a  thorough  evaluation 
of  the  project.  The  Black  Hills  Power  Dis- 
trict, a  public  corporation  lately  developed  from 
a  confederation  of  cities  that  had  banded  to- 
gether for  the  purpose  of  sponsoring  the  project, 
has  ai)plied  for  a  Federal  loan  of  $9,225,000  for 
construction  purposes  and  has  asked  that  the 
Government  undertake  the  necessary  tech- 
nical and  social  surveys  under  a  grant  of 
$25,000  from  the  Reconstruction  Finance  Cor- 
])oration.  The  recommendation  of  the  Elec- 
trict  Power  Board  of  Review  that  the  surveys 
be  made  under  the  proposed  grant  is  heartily 
endorsed. 

Federal  participation  in  the  Gillette  project, 
if  warranted  by  the  contemplated  survey, 
should  not  be  confined  to  maldng  the  requisite 
loan  to  the  applicant  group  under  the  regula- 
tions of  the  Public  Works  Administration. 
Here  is  an  exceptional,  if  not  unique,  oppor- 
timity  to  establish  a  useful  precedent  for  the 
formulation    and    execution    of   an   integrated 


regional  plan  through  the  cooperative  efforts 
of  local  and  Federal  interests.  Hence  it  is 
earnestly  recommended  (1)  that  the  prelimi- 
nary survey,  if  approved,  be  conducted  under 
the  general  direction  of  a  subcommittee  repre- 
senting the  various  sections  of  the  National 
Resources  Board;  (2)  that  the  legal  limitations, 
if  any,  to  possible  future  Federal  participation 
in  the  project  be  investigated  and  defined;  and 
(3)  that  the  final  plan  be  developed  and  ex- 
ecuted, in  such  degree  as  may  i)rove  legally 
possible,  by  a  joint  body  of  local  and  Federal 
representatives. 

E.  The  West  Platte  Basin:  Successful  irriga- 
tion is  the  distinctive  characteristic  of  the  West 
Platte  Basin,  from  the  present  ])oint  of  view, 
and  wise  administration  of  surface-water  re- 
sources is  essential  to  the  welfare  of  its  people. 
Such  shortages  of  water  for  agricultural  and 
municipal  uses  as  exist  in  the  Colorado  Pied- 
mont exist  also  with  varying  intensity,  at  least 
in  periods  of  drought,  in  other  parts  of  the  area. 

Planning  for  the  use  and  control  of  water  in 
the  West  Platte  Basin  should  deal  conspicu- 
ously with  the  regulation  of  local  streams 
through  reservoirs,  and,  in  some  districts, 
with  such  increase  in  flow  as  may  be  had  by 
means  of  transmountain  diversions.  The  gen- 
eral problem  is  far  too  large  and  complex  for 
solution  by  private  initiative;  community, 
state,  interstate,  and  Federal  action  is  needed 
to  insure  maximum  stability  for  the  popula- 
tion and  economic  activities  of  the  area. 
Such  agreements  as  the  Colorado  River  Com- 
pact and  the  South  Platte  River  Compact, 
dividing  the  waters  of  interstate  streams  be- 
tween the  states  concerned,  are  valuable 
beginnings  in  the  field  of  concerted  action, 
l^ndoubtedlv    it    will    be    necessarv    to    revise 


existing  interstate  compacts  from  time  to 
time,  and  to  make  new  compacts,  in  order  to 
keep  pace  with  changing  conditions. 

F.  Northern  Mountain  and  Plains  Border: 
The  water  problems  of  the  Rocky  Mountain 
slopes  north  of  the  West  Platte  area  are  in 
many  respects  similar  to  those  of  the  latter, 
though  not  as  urgent  or  as  clearly  defined. 
The  administration  of  water  resources  may  in 
the  future  call  for  interstate  compacts  in  the 
northern  area. 

The  fact  that  irrigation  projects  in  the 
northern  area  have  been  less  successful  than 
those  farther  south  emphasizes  the  need  for 
careful  planning  before  ain^  extensions  are 
made  to  the  irrigated  acreage  there. 

The  Yellowstone  River  is  the  greatest  single 
contributor  of  silt  to  the  Missouri.  An  active 
program  of  erosion  control  along  the  head- 
waters of  the  Yellowstone  and  the  Big  Hoi-n 
might  therefore  result  in  substantial  benefits  to 
communities  on  the  Missouri  below  the  mouth 
of  the  Yellowstone.  Moreover,  such  erosion 
control  would  have  an  important  bearing  on 
the  feasibility  of  all  contemplated  projects  in- 
volving the  construction  of  reservoirs  on  these 
rivers,  since  under  existing  conditions  siltage 
seriously  restricts  the  life  of  reservoirs  in  the 
area. 

Approximately  14,000,000  acres  of  unre- 
served and  unappropriated  public  land,  largely 
stock  range,  are  in  or  near  the  region  under 
consideration.  As  suggested  earlier  in  the 
erosion  control  section,  the  system  of  range 
management  now  in  effect  in  the  National 
Forests  should  be  extended  to  these  public 
lands,  in  order  to  check,  and,  to  large  extent, 
control  erosion. 
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Typical  Headwaters  Drainage  Basin  on  tlie  Rocky  Mountain  Continental  Divide. 


LIST  OF  PROJECTS 


J  CADDOA  RESERVOIR 

]  HUTCHINSON 
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NORTH  LITTLE  ROCK  LEVEES 
OKLAHOMA  AND  ARKANSAS  L 
TWELVE  MILE  BAYOU  BANK  P 
BAYOU  BODCAU  DIVERSION 
SHREVES  ISLAND  CUT-OFF 
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I.  General  Descriptions 

The  Southwest  Basins,  comprising  four 
principal  rivers  and  theu'  tributaries,  present 
for  studj^  280,000  square  miles  of  land,  mostly 
fertile,  possessed  of  varied  natural  resources, 
and  capable  of  extensive  development.  As 
agriculture  and  industry  are  developed  in  the 
basins,  their  population,  now  comparative^ 
sparce,  wall  increase  correspondingly. 

As  the  rivers  of  the  Southwestern  region  flow 
from  their  mountain  sources  in  a  southeasterly 
direction,  they  pass  successively  through  pre- 
cipitous rocky  canyons,  desert  plateaus,  agri- 
cultural lands,  and  forest  areas.  Finally  their 
waters  are  delivered  into  the  rich  alluvial 
valley  of  the  lower  Mississippi.  The  steep 
gradients  of  the  rivers  in  their  upper  reaches, 
while  aggravating  conditions  that  make  for 
floods,  at  the  same  time  aft'ord  opportunities 
for  hydro-electric  power  development  tliat 
sooner  or  later  will  play  an  important  part  in 
the  life  of  the  region. 

The  Southwest  is  a  promising  field  for  local 
initiative  in  flood  control  and  water  resources 
development.  Liberal  Federal  participation 
would  of  course,  greatly  stimulate  prosecution 
of  the  work. 

II.  Conclusions 

Data  concei'ning  the  individual  projects 
have  been  obtained  largely  from  the  308 
reports.  These  data  were  supplemented  by 
informa+ion  contained  in  applications  to  the 
Public  \Yorks  Administration. 

In  the  comparatively  short  time  so  far  avail- 
able to  the  Mississippi  Valley  Committee,  it 
has  been  impossible  to  verify  estimates  in 
detaU  or  to  make  extended  field  surveys. 
Much  research  is  needed  before  many  indi- 
vidual projects  can  be  recommended  for  actual 
construction,  but  the  information  at  hand  is 
sufficient  for  preliminarj^  purposes,  including 
initial  comparisons  of  one  project  with  another. 
It  will  serve  to  indicate  immediate  economic 
and  social  benefits  associated  with  the  projects 
and  to  show  in  general  how  a  particular  project 
would  contribute  to  the  improvement  of  the 
entire  area  in  which  it  is  located.  The  attempt 
is  made  to  present  the  background  necessary 
to  the  formulation  of  a  comprehensive  plan. 

By  selective  processes  all  of  the  projects  pro- 
posed have  been  divided  into  three  groups: 
Class  A — Projects    which    appear    to    he 


economically  justified  by  the  benefits  to  be 
derived  from  their  construction.  Also  cer- 
tain projects  which,  although  pei-haps  lack- 
ing to  some  degree  in  economic  justification, 
are  exigent  in  character  and  the  construction 
of  which  may  avert  destruction  of  life. 

Class  B — Projects  which  lack  immediate 
justification  for  construction  but  which  are 
of  sufficient  importance  for  inclusion  in  a 
comprehensive  program  and  the  need  for 
which  will  apparently  develop  in  the  future. 
Class  C — Projects  having  insufficient  merit 
to  warrant  further  consideration  by  the  Com- 
mittee. Further  reference  to  them  is  not 
made  in  tliis  report. 

No  attempt  has  been  made  to  set  up  an  order 
of  preference  in  any  one  group.  Before  the 
program  can  be  finally  executed,  conditions 
will  inevitably  change,  altering  at  least  in 
part,  any  order  of  priority  which  may  seem 
initially  desirable. 
III.  Recommendations 

The  following  projects  are  selected  for  inclu- 
sion in  the  general  program  as  Class  A  or  Class 
B,  iuid  are  enumerated  in  each  class  in  order 
of  their  location  downstream  along  the  main 
stems  of  the  principal  rivers  and  their  tributa- 
ries. The  purpose  for  wliich  each  project  is 
proposed  is  designated  by  F  for  flood  control, 
P=Power,  N  =  Navigation,  I  =  Irrigation,  \V  = 
Water  Supply,  R= Recreation. 

RED  RIVER 

Class  A  Projects 

Cost 

Lake  Kemp  Dam,  Wichita  River— P S170,  000 

Black  Bayou  Dam,  Black  Bayou— F 125,  000 

Bayou   Bodcau    Diversion,    Bayou    Bod- 

cau— F 1,  893,  000 

Wallace  Lake  Dam,  Bayou  Pierre— F 400,  000 

Red  River  Parish  Levees,  Red  River- F.  .  180,  000 

Bayou  Pierre  Ditch,  Bayou  Pierre— F 300,  000 

Natchitoches  Levees,  Red  River— F 355,  000 

Saline  Point  Cut-off,  Red  River— F 67,  000 

Bayou  des  Glaises,   Diversion,   Bayou  des 

Glaises— F ". 285,  000 

Class  B  Projects 

Denison  Reservoir,  Red  River— F,  P,  N_  _  40,  000,  000 
Eagletown  Dam,  Mountain  Fork  River — 

F,  P,  N 5,784,000 

No.  Bossier  Extension  Levee,  Red  River 

— F 210,000 

Fire  Point  Cut-off,  Red  River- F 160,  000 

Caddo  Lake  Dam,  Cypress  Creek— F 600,  000 

Twelve  Mile  Bayou  Bank  Protection— F_  49,  700 

Shreves  Island  Cut-off,  Red  River— F_..  60,  000 

Saline  Levee  District,  Red  River— F 174,  000 

Red  River  &  Bayou  des  Claises  levees. 

Red  River— F 825,  000 

Rice  Irrigation  Diversion— I 10,  000,  000 
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ARKANSAS  RIVER 

Class  A  Projects  „    . 

Cost 

Caddoa  Resefvoir,  Arkansas  River — F,  I.  $7,  981,  000 
Augusta,  Kansas,  levees,  Arkansas  River 

— F 77,800 

Winfield,  Kansas,  Levees,  Arkansas  River 

— F 108,630 

Arkansas  City,  Kansas,  levees,  Arkansas 

River— F.." 94,  000 

Kaw,  Oklahoma,  levees,  Arkansas  River 

— F 32,  500 

Great  Salt  Plains  Reservoir,  Salt  Fork— 

F,  R 1,233,000 

Tulsa  Levees,  Arkansas  River— F 308,  000 

Pensacola    Reservoir,    Grand    (Neosho) 

River— P,  R 13,  290,  000 

Conchas  Reservoir,  So.  Canadian  River 

— F,  I,  W 8,  925,  000 

Fort     Reno    Reservoir,     No.     Canadian 

River— W,  F,  R 6,  032,  000 

Clarksville    levee,     Arkansas,     Arkansas 

River— F 70,  000 

Oklahoma  and  Arkansas  levees,  Arkansas 

River— F 82,500 

Class  B  Projects 

Hutchinson,  Kansas,  levees — F 1,  568,  600 

Big  Slough  (Wichita,  Kansas)  Floodway 

— F -       3,  5S5,  000 

Braman  Reservoir,    Salt    Fork    River — 

W,  R 348,800 

BlackweU,     Okla.,     Levees,     Salt     Fork 

River— F 50,  000 

Kenton  Reservoir,  Cimmarron  River — I.  2,  423,  000 
Englewood  Reservoir,  Cimmarron  River — 

I 4,  148,000 

Hulah  Reservoir,  North  Caney  Cr. — F, 

W,  R 2,  423,  000 

Fall  River  Reservoir,  Verdigris  River — 

W 1,275,900 

Council  Grove  Reservoir,  Grand  (Neosho) 

— W,  R 1,  330,  000 

Markham  Ferry  Reservoir,  Grant  (Neo- 
sho)—P,  R 4,  712,  000 

Fort  Gibson  Reservoir,  Grand  (Neosho) 

— P,  R 6,  511,  000 

Mardock  Reservoir,  Little  River— F,  R_  939,  600 

Optima  Reservoir,  North  Canadian  River 

— F 1,  530,  000 

Ft.   Supply   Reservoir,   North   Canadian 

River— F 2,  585,  000 

Okmulgee   Reservoir  and   Levees,   Deep 

Fork  River— F 5,  260,  000 

Blue  Mt.  Reservoir  &  Levees,  Petit  Jean 

River- F 1,  489,  600 

Nimrod     Reservoir,     Fourche     LaFave 

River— F 1,  093,  800 

North  Little  Rock  and  Levees,  Arkansas 

River— F 400,  000 

WHITE  RIVER 
Class  A  Projects 

Table  Rock  Dam,  White  River— P,  F 14,  286,  000 

Phillips  Bay  Dam— Current  River,  P 2,  294,  000 

Skaggs  Ferry  Levees— Black  River,  F 80,  100 

Big  Creek-L'Anguille    Levees — L'An- 

guille,   F 148,500 

Clarendon  Levees— White  River,  F 326,  900 


Class  B  Projects 

Cost 

Wild  Cat  Shoals  Dam,  Wliite  River— P__  $23,  253,  000 

Poplar  BlulT  Levees,  Black  River— F 756,  300 

Poplar    Bluff    to    Knobel    Lat.    Levees, 

Black  River— F 2,604,000 

Village     Cr. — White     River,     Mayberry 

Levees,  Black  Ri ver,  F 1 ,  1 53,  800 

Newport  Levees— Black  River,  F 161,100 

Clarendon-Lambrook    Levees,     White 

River— F 4,846,600 

Little  Black  Rock  Levees,  Black  River — 

F 820,000 

Big  Bottom  Levees,  White  River- F 148,  500 

Gibson  Levee,  White  River— F 24,000 

Cypress  Swamp  Levees,  White  River — F.  25,  000 

Shoffner  Area  Levees,  White  River — F...  63,  000 

Des  Arc  Levees,  White  Ri  ver— F 49,  900 

De  VaU's  Bluff  Levees,  White  River— F. .  9,  000 

Greer's  Ferry  Reservoir,  White  River— I.  2,  000,  000 
Grand    Prairie    Gravity    System,    Wliite 

River— I ^" 6,  200,  000 

OUACHITA  RIVER 
Class  B  Projects 

Blakely  Mountain  Dam  and  Power  Plant, 

Ouachita  River— P,  F 13,  440,  000 

Rommel  Dam,  addition  to  Power  Plant, 

Ouachita  River— P 760,000 

IV.  Natural  Features 

1.  Si2e  and  Physical  Charade rlstics:  TliP 
Southwest  Basins  constitute  almost  one-quarter 
of  the  area  of  the  entire  Mississippi  River 
Basin.  The  physical  characteristics  of  the 
several  rivers  are  so  diversified  that  they  can- 
not be  well  set  forth  in  a  brief  general  de- 
scription. For  this  reason  they  have  been 
tabulated  separately  in  Table  1. 

The  topography  of  the  regions  tlirough  which 
these  rivers  flow  varies  from  mountainous  areas 
with  steep  declivities  to  agricultural  plains  and 
low-lying  bottom  lands.  An  examination  of 
the  table  referred  to  will  show  that  protection 
by  levee  construction  or  otherwise  is  needed  in 
the  lower  reaches  of  all  the  rivers,  with  the 
exception  of  the  Ouachita,  while  the  upper 
reaches  of  the  White  and  parts  of  the  Arkansas 
Rivers  in  particular  present  attractive  possi- 
bilities for  electric-power  development. 

2.  Water  Resources:  The  average  annual 
precipitation  in  the  Southwest  Basins  ranges 
from  11  inches  in  Eastern  Colorado  to  more 
than  52  inches  in  Louisiana.  It  increases  pro- 
gressively from  West  to  East.  Rainfall  records 
of  the  United  States  Weather  Bureau  are  avail- 
able for  parts  of  the  basins.  The  stations  are 
few  and  imevenly  distributed.  Additional 
rainfaU  and  stream  gaging  stations  are  desirable 
in  order  that  adequate  data  may  be  obtained. 
Such  data  is  essential  to  the  planning  for  protec- 
tion against  floods  as  well  as  for  utilization  of 
the  streams  for  power,  irrigation,  and  other  pur- 
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Name  of  stream 

Length 
miles 

-=« 

'S 

FaUin 

?=1 

Run-ofl 

Terrain  • 

1,315 

200 
290 
34.1 
120 

210 
160 

2:so 
SO 

100 

no 

160 
210 
290 

120 

66,680 
10,600 
27,800 
12,400 
15,100 
700 

4,750 
3,400 
3,400 
1,500 
7,800 
660 
2,500 
1,700 
4,100 
4,000 
3,500 
1.400 

India 
35 
23 
28 
38 
50 
52 

25 
28 
30 
33 
38 
43 
44 
46 
48 
48 
49 

228,000 

3.9 
2. 2-1.  a 
1.2-0.8 
.6-4 
.04-4 

3  -4 

2      -2.5 
2.5-3 

2.5 
2      -2.5 

4  -5 
1.1  -2 

.4  -8 
.8-1 
.4  -  .5 
1      -1.2 
.5-. 8 

Red  River  (W  Okla  ) 

300,000 
260,000 
210,000 

F,  R. 

Red  River  (E.  Okla.) - 

R,  T. 

Red  River  (Backwater) 

Tributaries: 

North  Fork,  Red.  R.  (Mi.  1018 upstream).... 

Pease  R.  (Mi.  1005) 

Wichita  R.  (Mi.  944) 

F,  S,  T. 
F 

R  F 

:::::::::::: 

R,  F. 

Washita  R.  (Mi.  799)   .    . 

Blue  R.  (Mi.  089) 

Boggy  R.  (Mi.  600) 

Kiamichi  R.  (Mi.  627). 

Little  R.  (Mi.  466) 

SulpherR.  (Mi.  379) 

CypressCr.  (Mi.  307)...   . 

Bayou  Dorcheat  (Mi.  2r>5) 

R.  F. 

40%T,M:  60%  R. 
T,  M,  R. 

7S%T,M;  25%  R. 
R 

T,  F,  S. 
T,S. 
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Main  Stem 

1,450 

160,500 
4,820 
38,540 
74,600 
149,900 
157,900 
160,500 

1,355 
2,205 
1,980 
6,700 

18,060 
8,150 

12,660 
1,620 

14,310 

29,700 
950 
1,895 
1,080 
1,125 

40 
6.9 
3.2 

.8 
.0 

12 
26 
39 
39 
49 
51 

26-30 

23-31 

30-32 

22-34 

16-34 

34-40 

40-43 

39-42 

18-38 

17-38 

29 

39-14 

44 

47 

103,000 
150,000 
244,000 
552,000 
830,000 
813,000 

At  Tulsa 

F,R. 

R  T 

At  Mouth 

192 
tHX) 
.WO 
460 
145 
800 
900 
90 
128 
113 
140 

S,  F,  T 

Tributaries: 

R 

Walnut  R 

R 

10  1 
20 

9 

1.5 

8 

7.2 
10 

110,000 
80,000 
80,300 
300,000 
120,000 
100,000 
200,000 
450,000 
70,000 
48,000 
85  000 

Cimmarron  R 

F,  R,  E. 

Grand  (Neosho)  R- 

Illinois  R 

R,M,T. 
R  M,T. 

N  Canadian  R 

F  M  E 

Little  R                  

K  M  T  E 

2.9 
5.2 
14  2 

R,M,T,E. 
R  M  T  E 

Fourche  LaFave  R 

CHARACTERISTICS  OF  THE  WHITE  RIVER 


White  River.. 

White  River  and  Tributaries. 

James  River 

Buffalo  Fork 

North  Fork 

Black  River 

Village  Creek 

Little  Red  River .-. 

Bayou  Des  Arc. 

Cache  River.... 

Big  Creek 

Bayou  Lagrue 

Current  River 

Fourche  Creek. 

Spring  River_ 

Eleven  Point  River. 

Strawberry  River. 

Black  River 


M,  T. 
M,  T. 
M.  T, 


F,  S,  T. 
F,  S,  T. 
F,  S,  T. 
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Thr  Soiiihwest  poses.  Along  the  99tli  meridian  there  is  a 
Hnsinx  fjiirly  well  defined  zone  of  transition  between  the 
semi-arid  western  plains,  where  irrigation  and 
dry  farming  are  established  practices  and  the 
wet  farming  country  of  the  lower  elevations. 
Rainfall  dependability  increases  with  the  annual 
precipitation.  Variations  from  the  mean  are 
generally  greater  both  in  number  and  magni- 
tude as  aridity  increases. 

These  general  observations  regarding  rainfall 
are  equally  applicable  to  its  resulting  run-ofT. 
Streams  are  flashy  in  their  higher  elevations. 
As  the  tributaries  progressively  contribute  their 
volumes  of  water  to  the  main  streams,  the  need 
for  flood  protection  by  levees,  channel  improve- 
ments, spillways,  or  reservoirs  becomes  increas- 
ingly great. 

Comparatively  few  data  have  been  accumu- 
lated in  the  past  regarding  the  subsurface 
water  in  these  basins.  Investigations  should 
be  carried  on  much  more  intensively  in  order 
that  they  may  supply  reliable  data  for  a  long- 
term  program  whereby  the  water  table  can  be 
maintained.  The  subject  is  even  now  of  impor- 
tance notably  in  the  rice  fields  of  the  lower  basins 
where  the  deficiency  of  ground  water  calls  for 
surface  storage  reservoirs  for  purposes  of  irriga- 
tion. This  will  relieve  the  over-draft  on  the 
underground  water  supply. 

Each  of  the  four  basins  may  roughly  be 
divided  into  two  parts  for  the  purpose  of  water 
planning.  In  the  upper  parts,  the  problem  is 
mainly  one  of  conservation  and  augmenta- 
tion. There  stream  flow  is  inadequate  to 
maintain  the  future,  or  even  the  present,  needs 
of  the  region.  Conservation  by  storage  reser- 
voirs becomes  a  necessity,  and  transmoim- 
tain  diversions  from  the  western  slopes  of  the 
Rockies  to  the  headwaters  of  the  Arkansas 
are  essential  factors  in  its  future  development. 
In  the  lower  parts  of  all  four  basins,  the  scene 
changes.  Control  and  utilization  of  excess 
water  become  paramount  on  all  these  rivers. 
Flood  control,  power  development,  and  per- 
haps the  regulation  of  low  flows  for  navi- 
gation constitute  the  main  problems. 

3.  Natural  Vegetation:  Natural  vegetation 
runs  the  gamut  from  desert  sagebrush  and 
cactus  in  the  headwater  regions  of  the  Red 
and  Arkansas  Rivers  through  the  long  grass  of 
the  Central  Plains,  the  short  grass  between  the 
99th  and  100th  meridians,  to  extensive  growths 
of  forests  along  the  lower  reaches. 

4.  Mineral  Resources:  The  Southwestern 
Basins  are  rich  in  mineral  resources.  These 
inchide  the  gold  and  silver  deposits  of  Colo- 

186        rado,  the  lead  and  zinc  of  the  JopHn  mining 


district,  the  l)ini.\i(e,  iron,  marble,  novacuhte, 
lire  clays,  limestone,  and  other  resources,  princi- 
pally to  be  found  in  the  Arkansas  Basin. 
Petroleum  and  its  products  have  proved  to  be 
a  most  valuable  discovery  in  these  basins. 
Production  froiu  this  source  reaches  an  enor- 
mous value  which  will  be  instrumental  in  de- 
veloping the  coimtry. 

V.  Social  and  Economic  Conditions 

1.  Popitlation:  The  populations  of  the  four 
basins  are  tabulated  as  follows: 


1920 

1930 

Red  River  Basin 

2,400,000 

3,  510,  000 

700,000 

726,000 

2  700  000 

Arkansas  River  Basin 

3,937,000 

Ouachita  River  Basin 

818  000 

7,  335,  000 

8,  270,  000 

A  glance  at  these  figures  will  show  that  the 
region  as  a  whole  is  experiencing  a  steady  in- 
crease in  growth  of  population.  With  the 
development  of  industries,  the  provision  of 
cheap  power  and  the  protection  of  the  land 
against  floods  there  should  result  an  inflow  of 
settlers,  attracted  by  the  better  living  conditions 
and  the  opportunity  for  development  of  natural 
resources.  Nearly  half  of  the  population  lives 
on  farms.  Relative  rates  of  increase  and 
decrease  of  population  are  shown  in  the  maps. 
The  discoveries  of  new  oil  fields  and  in  some 
cases  the  exhaustion  of  older  fields  have  caused 
violent  fluctuations  in  the  smaller  units  of  pop- 
ulation. The  depletion  of  timber  in  some  of 
the  foothill  lands  of  the  Alluvial  Valley  has 
also  resulted  in  a  shift  in  residence. 

Of  the  650,000  farms  in  the  basins,  5  per- 
cent have  electric  lights,  25  percent  have  tele- 
phones, 11  percent  have  radios,  51  percent  have 
automobiles,  and  6  percent  have  water  piped 
to  the  houses. 

Aside  from  such  centers  as  Tulsa,  Oklahoma 
City,  Wichita,  Little  Rock,  and  Shreveport,  no 
large  cities  exist  in  these  basins.  The  cities  are 
for  the  most  part  distributing  points  of  agri- 
culture and  industry,  and  their  sites  have  been 
as  a  rule  determined  by  the  main  arteries  of 
traffic,  principally  railroads.  The  entire  region 
is  well  supplied  with  railway  and  liighway 
transportation.  For  the  present  at  least, 
notliing  is  to  be  recommended  in  the  way  of 
further  development  along  these  lines. 

2.  Land  Use. — Due  to  difl'erences  of  topogra- 
phy and  character  of  soils,  the  use  of  land 
varies  considerably  in  the  different  basins. 


(a)  Red  River. — With  the  exception  of  the 
nonirrigated  headwater  area  wliere  dry 
farming  is  precarious,  if  not  impracticable, 
there  are  productive  farm  hinds  all  along  the 
Red  River  Valle3^  In  northwestern  Texas 
and  southwestern  Oklahoma  the  principal 
crops  are  cotton  and  corn,  the  former  reach- 
ing a  production  as  high  as  2,000,000  bales 
per  year.  Forage  and  small  crops,  fruits  and 
garden  truck  are  also  raised.  Rice  culture 
is  profitable  in  the  lower  valley.  The  entire 
Red  River  Basin  is  well  adapted  to  stock 
raising,  which  is  carried  on  almost  to  the 
exclusion  of  agriculture  on  some  of  the  upper 
headwater  areas.  Cattle  in  the  Texas  Pan- 
handle, mules,  horses,  cattle  and  hogs  in 
Oklahoma,  consume  much  of  the  feed  crops 
produced. 

(6)  Arkansas  River — It  has  been  said  that 
practically  all  temperate-zone  crops  grow  in 
the  Arkansas  Basin.  In  the  mountainous 
headwater  areas,  above  the  five-thousand-foot 
contour,  crops  are  generally  limited  to  native 
hay,  field  peas,  and  lettuce.  Bearing  east- 
ward, across  the  Colorado  Piedmont  and  into 
the  Great  Plains,  in  the  bottomlands  are 
found  diversified  crops  produced  by  irriga- 
tion; alfalfa,  sugar  beets,  melons,  and  truits. 
Dry  farming  in  the  semiarid  uplands  of  the 
Great  Plains  produces  wheat  crops  about 
once  every  three  years.  Livestock  here 
assumes  importance.  In  the  Texas  Pixn- 
handle,  however,  ranching,  once  apparently 
firmly  established,  is  steadily  giving  way  to 
crop  farming. 

East  of  the  wheat  belt  are  the  corn  and 
cotton  areas,  the  former  predominating  in 
Kansas,  the  latter  in  the  weevil-free  section 
of  southwestern  Oklahoma,  where  agriculture 
has  been  practiced  for  only  about  a  quarter 
of  a  century.  Both  areas  are  combined  in 
the  alluvial  valley  of  the  Arkansas  where 
the  soil  is  very  rich. 

Of  particidar  interest  in  the  Arkansas 
Valley  is  the  northern  limit  of  the  cotton 
belt.  Here  it  is  more  than  a  secondary  crop; 
it  is  a  boundary  of  cultures  where  north  and 
south  meet. 

Grazmg  in  the  Rocky  Mountain  National 
forests  provides  summer  feeding  for  cattle 
and  sheep,  the  latter  being  kept  in  the  higher 
altitudes.  Practically  all  of  the  Basm  east 
of  Central  Kansas  is  well  suited  to  stock- 
raising  m  combination  with  diversified  farm- 
ing, while  in  the  West  stockraising  exclusive 
of  agriculture  is  carried  on  over  large  plains 
areas. 


(c)  White  and  Ouachita  River  Basins —  The  Southwest 
The  White  River  Basin  is  essentially  an  Basms 
agricultural  region,  jjroducing  all  truck  crops 
and  some  grain,  cotton  and  rice.  Diversified 
farming  on  a  small  scale  is  extensively  prac- 
ticed. The  soils  of  the  vallej',  eroded  from 
the  liillsides  of  the  Ozarks,  consist  of  water- 
carried  top  soils  intermixed  with  glacial 
drift,  with  resulting  nonuniform  fertility. 

In  the  Ouachita  Valley  cotton  and  corn 
predominate,  but  because  of  the  dense  growth 
of  pine  in  the  mountains  and  hardwood  in  the 
lowlands,  the  region  as  a  whole  is  only  farmed 
to  a  small  extent.  The  territory  includes 
nmch  cut-over  land. 

Stock  raising  in  both  these  valleys  is  lim- 
ited to  normal  stocking  of  the  diversified 
farms  and  plantations. 

3.  Industries:  The  value  of  industrial  prod- 
ucts is  much  less  than  that  of  agriculture.  The 
principal  industries  are  those  utilizing  petro- 
leum, cotton,  and  timber  products.  They  are 
located  at  strategic  points  throughout  the 
basins  and  constitute  the  principal  source  of 
revenue  outside  of  agriculture.  Manufactur- 
ing is  concentrated  in  the  cities,  but,  because  of 
the  high  freight  rates,  there  is  an  economic 
demand  for  local  industries,  distributed  among 
the  smaller  communities,  to  utilize  home  prod- 
ucts and  prepare  them  for  local  consumption. 

VI.  Control  and  Use  of  Water  Resources 
The  Red  River  Basin 

The  Red  River  is  subject  to  very  large  floods 
which  originate  either  in  the  headwater  area  or 
on  the  tributaries  and  become  a  serious  menace 
to  the  valley  after  passing  Denison,  particu- 
larly below  Shreveport.  The  ma.ximum  stage 
at  Shreveport  during  the  past  50  years  was 
45.9  feet  (1882);  a  stage  of  42.35  feet  was  re- 
corded at  Alexandria  in  1927.  The  Red  River 
has  contributed  as  much  as  seven  percent  of 
the  peak  flow  of  the  Mississippi  River. 

The  rich  valley  lands  are  in  constant  danger 
of  floods.  At  present  600,000  acres  are  pro- 
tected by  levees  and  about  500,000  acres  can 
be  protected  by  additional  levees,  combined 
with  some  channel  improvements  and  reser- 
voirs. Another  1,000,000  acres  subject  to 
inundation  are  likely  to  remain  unprotected 
because  of  location  and  the  cost  ot  protection. 
Up  to  the  present  the  United  States  Govern- 
ment has  spent  over  $325,000  on  flood  control 
in  the  backwater  area  of  the  Red  River. 
Local  landowners  have  expended  $10,000,000 
on   levees,    many   of   wliich   have   later   been 
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Under  existing  figricultural  conditions  it  is 
impossible  for  the  local  districts  to  obtain 
further  financing  and  in  some  cases  even  to 
maintain  payment  of  interest  on  their  bonded 
indebtedness.  They  are  faced  with  the  alter- 
native of  Federal  aid  or  of  entire  abandonment 
of  improved  properties. 

Losses  resulting  from  periodic  flooding  of 
1,600,000  acres  along  the  main  river  have 
exceeded  $10,000,000.  Also  subject  to  floods 
are  1,700,000  acres  on  the  tributaries  and 
1,700,000  acres  in  the  backwater  area. 

Levees  along  the  Red  River  below  Shreveport 
iiave  become  practically  continuous.  For  tliis 
reason  the  disposal  of  drainage  from  the  hills 
behind  the  levees  has  become  a  problem  second 
only  to  that  of  floods  from  the  main  river. 
This  will  require  either  larger  drains  through 
the  levees  where  borrow  pits  are  not  available 
or  relief  outlets  at  strategic  points. 

The  reservoirs  constructed  on  the  main  stem 
should  be  designed  to  allow  for  silting.  How- 
ever, the  accumulation  of  silt  in  such  a  reservoir 
as  Denison  doubtless  would  not  seriously 
impair  its  capacity  for  many  years.  The  silt 
load,  the  color  of  wliicli  gave  the  Red  River  its 
name,  has  been  increasing  during  the  past 
half  century  as  cultivation  has  increased  ero- 
sion, but  much  ot  this  silt  is  deposited  along  the 
changing  stream  bed  and  never  reaches  the 
Mississippi  or  the  Gulf. 

The  Mississippi  River  flood  crest  could  be 
reduced  by  about  nine  inches  by  the  con- 
struction of  the  key  reservoir  at  Denison,  and 
reduced  another  foot  by  the  provision  of  addi- 
tional storage  on  the  main  stem  and  tributaries 
below  Denison  at  a  cost  exceeding  $15,000,000. 

2.  Power:  If  all  the  projects  considered  were 
constructed,  it  would  be  possible  to  develop 
600,000  horse  power  on  the  Red  River  and 
tributaries.  In  this  drainage  basin,  hydro- 
electric power  must  compete  with  cheap  steam 
power  produced  from  gas,  oil  or  coal  at  costs  as 
low  as  thi-ee  mills  per  K.W.  hr. 

There  are  now  only  three  hydro  power  plants 
in  the  Red  River  Basin.  They  are  located  at 
Chickasha,  Anadarka  and  Carnegie.  They  are 
all  on  the  Washita  River  and  their  aggregate 
installation  is  1,775  K.W. 

Future  demands  for  electrical  energy  lie 
primarily  in  the  expansion  of  use  in  communi- 
ties now  served.  The  inhabitants  of  the  hill 
country  are  not  financially  able  to  use  power 
extensively  nor  are  there  any  large  mining  or 
industrial  demands  aside  from  those  of  the 
petroleum  industry. 


3.  Irrigation  ami  Drainage:  There  are  two 
types  of  irrigation  in  and  near  the  Red  River 
Basin.  The  watering  of  more  than  600,000 
acres  of  land  for  rice  culture  in  Louisiana, 
Arkansas  and  Eastern  Texas,  and  the  watering 
of  dry  lands  in  western  Oklahoma. 

At  present  the  rice  lands  in  Southern  Louisi- 
ana are  watered  by  pumping  from  underground 
sources.  The  depletion  of  this  supply  with 
consequent  increase  in  pumping  costs  brings 
about  a  need  for  supply  from  surface  water 
sources. 

Irrigation  of  the  semiarid  country  is  a  more 
remote  problem  than  that  of  rice  lands.  How- 
ever, its  solution  should  not  be  ignored.  Sup- 
plemental storage  sufficient  to  insure  an 
adequate  water  supply  for  existing  irrigated 
acreage  is  preferable  to  increasing  acreage  under 
irrigation.  Below  irrigation  bench  lands  some 
drainage  will  eventually  be  necessary. 

Drainage  of  the  lowlands  along  the  Red 
River  in  Louisiana,  with  malaria  and  mosquito 
control  has  been  recommended  by  the  State 
Board  of  Control  because  of  recent  increase  in 
malaria  mortality  from  0.3  per  one  hundred 
thousand  population  in  1931  to  19.4  in  1932. 

Dramage  of  the  valley  lands  behind  levees 
naust  be  included  in  any  comprehensive  plan  for 
flood  control.  There  are  large  areas  of  cypress 
swam])s  as  well  as  lowlands  in  the  backwater 
area  which  can  never  be  economically  drained. 

4.  Navigation:  Notwithstanding  the  fact  that 
since  1828  the  Red  River  has  been  designated  as 
navigable  for  550  miles  above  the  mouth,  or  to 
the  Arkansas-Oklahoma  state  line,  the  fact 
remains  that  there  is  no  actual  navigation 
above  Alexandria,  Louisiana,  122  miles  from  the 
Mississippi.  Total  tonnage  in  1931  amounted 
to  only  26,000,  which  consisted  largely  of  sand, 
gravel,  and  freight  for  levee  construction. 
While  there  is  considerable  cotton  and  hmiber 
to  be  moved  out  of  the  Red  River  Basin,  return 
water-borne  freight  is  not  available.  As  a  result 
river  navigation  which  was  in  the  antebellum 
days  an  important  factor  in  the  development  of 
the  southwest  and  in  the  growth  of  such  com- 
munities as  Alexandria  and  Shreveport,  has 
been  virtually  supplanted  by  rail  and  highway 
transportation. 

The  Red  River,  being  a  very  unstable  and 
heavy  silt  carrying  stream,  is  difficult  to  keep 
open  for  navigation.  Locks  would  silt  and 
channels  shift.  CanaHzation,  bank  protection, 
and  regulation  of  flow  can  be  combined  to 
maintain  a  six  to  nine  foot  navigation  channel, 
but  the  cost,  it  is  estimated,  would  be  about 
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15  times  greater  than  the  probable  benefits. 
Expenditures  for  navigation  purposes  on  the 
Red  River  are  not  justified  except  in  a  few 
localities. 

The  Arkansas  River  Basin 

1.  Flood  control:  The  channel  of  the  Arkansas 
River  is,  in  general,  capable  of  carrying  less 
than  half  of  its  maximum  flood  flows.  De- 
structive floods  are  frequent  and  especially 
varied  in  character. 

Along  tlie  main  stem,  1,496,000  acres  of  land 
are  subject  to  overflow.  On  the  tributaries 
having  major  flood  problems,  there  are  2,350,000 
acres  additional  or  a  total  for  the  basin  of 
3,846,000  acres.  The  average  annual  direct 
damage  for  the  entii-e  main  stem  is  about 
$1,000,000,  the  maximum  for  any  one  year 
being  estimated  at  about  $15,000,000.  The 
figure  for  the  average  annual  loss,  however, 
is  probably  subject  to  revision  when  a  uniform 
policy  of  evaluating  damages  is  evolved. 

Existing  flood-protection  works  in  the  upper 
Arkansas  basin  are  confined  mainly  to  cities 
and  show  varying  degrees  of  adequacy.  Below 
Fort  Smith  flood-protection  works  consist 
almost  entirely  of  levees,  of  which  there  are 
some  180  miles.  These  levees  are  included 
in  26  levee  or  drainage  districts  and  were  con- 
structed at  a  cost  of  some  $2,960,000,  giving 
protection  only  against  Arkansas  River  waters. 
They  vary  widely  in  height  and  cross-sectional 
dimensions  and  inadequately  protect  some 
672,700  acres,  of  which  220,000  acres  are  in  the 
Mississippi  backwater  area.  During  the  flood 
of  April  1927  afl  the  levee  systems  below  Fort 
Smith  failed,  with  the  exception  of  the  New 
Gascony  levee  which  held  because  of  the  relief 
obtained  through  the  failure  of  other  levees. 

Existing  protection  works  are  becoming  pro- 
gressively inadequate.  Cultural  development 
in  the  basin  is  increasing  the  run-off  rate,  with 
the  result  that  flood  hazards  are  continually 
growing.  Not  only  is  the  denuding  of  the 
watersheds  a  contributing  factor,  but  so  are 
also  the  drainage  works  along  highways  and 
in  urban  centers. 

2.  Power:  The  principal  function  of  new 
power  developments  in  this  basin  at  present 
is  to  serve  the  growing  needs  of  existing  sys- 
tems rather  than  to  serve  new  markets.  The 
apparent  scarcity  in  certain  regions  coincides, 
as  usual,  with  relatively  low  population  densi- 
ties. 

At  present  there  are  no  water-power  instal- 
lations along  the  main  stem  of  the  Arkansas. 
The  natural  gas,  oils,  and  cheap  coal  that  are 
abundant  in   the   basin  produce   the  present 


power  and  any  new  hj'droelectric  project  will 
find  competition  in  existing  and  potential 
steam  and  natural-gas  instaUations. 

3.  Irrigation:  An  idea  of  the  varying  extent 
of  irrigated  lands  in  the  basin  may  be  gained 
from  the  table  below: 
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Irrigated  lands  in  Arkansas  basin 

State 

Area  irri- 
gated 1929 

Area  irri- 
gated 1919 

Area  enter- 
prises were 
capable  of 
supplying 
with  water, 
1930 

Irrigable 
areas  in 
enterprises. 

Acres 
558,072 
71,716 
466 
950 
69,879 
52,446 

Acres 
641,476 
90, 185 
440 
2,843 
46,539 
63,  621 

690,955 
113,142 
766 
5,974 
81, 177 
68,608 

New  Mexico 

119,887 

766 

5,987 

91,361 

71,754 

Total 

763,  533 

845,004 

960,622 

1,051,963 

There  is  a  need  for  supplemental  water 
projects,  provided  soil  surveys  of  the  irrigable 
lands  show  high  fertility  and  desirable  classi- 
fication as  to  character  and  topography. 

4.  Navigation:  Up  to  the  beginning  of  the 
present  century  navigation  was  active  on  the 
lower  reaches  of  the  Arkansas  River.  At  one 
time  some  13  registered  steamers  were  engaged 
in  freight  movements.  In  addition  forest 
products  were  rafted  down  the  river  prior  to 
the  gradual  depletion  of  timbered  areas.  The 
traffic  reached  its  peak  in  1907,  when  104,593 
tons,  valued  at  over  $2,000,000,  were  shipped. 
As  a  result  of  various  factors  these  movements 
of  package  freight  and  forest  products  have  of 
recent  years  practically  disappeared  from  the 
river.  However,  some  577,000  tons  of  sand 
and  gravel  were  hauled  locaUy  for  short  dis- 
tances (generaUy  less  than  three  or  four  miles) 
ill  1931. 

The  legal  head  of  navigation  is  at  present 
considered  to  be  the  mouth  of  the  Neosho 
(Grand)  River,  465  miles  above  the  mouth  of 
the  Ai'kansas.  However,  except  for  the  local 
sand  and  gravel  movements  centered  at  Ozark, 
Dardanella,  Little  Rock,  and  Pine  Blutt",  no 
commerce  exists  upstream  from  the  latter 
point  (117  miles  above  the  mouth),  and  less 
than  6,000  tons  of  commercial  freight  moved 
below  that  point  in  1931. 

Between  1832  and  1931  a  total  of  $4,220,000 
was  expended  by  the  Federal  Government  for 
navigation  improvements  on  the  Arkansas 
River.  The  major  portion  of  this  sum  was 
spent  prior  to  the  adoption  of  the  present  proj- 
ect in  1902.  Comparatively  small  sums  have 
been  expended  since  1916.   For  the  past  seven 
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years  these  have  averaged  about  $30,000 
annually,  largely  spent  for  the  removal  ot 
snags  in  the  used  portion  of  the  river  below 
Pine  Bluff. 

Various  navigation  projects  have  been  pro- 
posed by  local  interests.  The  most  extensive 
would  provide  a  nine-foot  channel  from  the 
mouth  to  Tulsa,  Oklahoma,  at  an  estimated 
cost  of  over  $200,000,000.  The  expenditure  of 
such  a  sum,  or  any  other  large  sum,  for  the 
purpose  of  improving  this  stream  for  naviga- 
tion appears  to  be  without  adequate  economic 
justification. 

The  White  River  Basin 

1.  Flood  Control:  A  large  area  in  the  lower 
White  Kiver  Basin  is  subject  to  Mississippi 
River  backwater  overflow. 

Levees  to  protect  1,200,000  acresof  land  have 
been  constructed  in  a  haphazard  way  by  some 
20  levee  districts  for  about  270  miles  along  the 
river  bottoms.  The  contract  cost  of  levees  and 
drainage  ditches  amounts  to  $15,700,000,  in 
wliich  is  included  $10,000,000  for  Mississippi 
River  main  line  levees  from  Helena  southward 
with  the  result  that  there  is  no  efl'ective  or 
dependable  levee  system  on  White  River  to 
handle  the  larger  floods.  Including  drainage 
and  levees,  87  improvement  districts  have  been 
formed,  but  their  physical  and  financial  condi- 
lion  is  deplorable  as  a  result  of  floods  and  partly 
due  to  fiiiliire  of  iiuimproved  acreage  to 
contribule  to  costs. 

An  additional  HH.OOU  acies,  (iO,0()(l  of  wliicli 
lie  within  the  backwater  area,  can  be  jjrotected 
l>y  levees  at  a  cost  that  is  economically  justiHed. 

The  estimated  value  of  all  property  in  the 
overflow  area  of  1927  was  $64,000,000.  Losses 
were  estimated  at  $18,000,000. 

Reduction  in  flood  heights  by  means  of 
reservoirs,  some  of  which  can  also  provide 
power  storage,  is  considered  feasible  to  a  limited 
extent.  Local  protection  by  levees  will  be 
required  to  supplement  reservoirs.  Due  to  the 
comparatively  narrow  channel,  which  easily 
overflows,  channel  improvement  alone  is  not 
effective  on  this  stream. 

Partial  protection  can  be  afforded  to  several 
hundred  thousand  acres  through  the  consum- 
mation of  a  coordinated  jirogram  of  levee  and 
reservoir  construction.  Various  estimates  i)lacc 
the  cost  of  such  protection  at  between  $25  ami 
$30  per  acre  of  land. 

The  effect  upon  the  Mississippi  River  of  flood 
control  by  means  of  reservoirs  on  the  White 
River  would  not  be  great,  probably  not  reduc- 
ing the  flood  crests  in  the  former  by  more  than 


200,000  second-feet.  The  cost  of  reducing  the 
maximum  stage  of  the  Mississippi  by  several 
feet  under  conditions  similar  to  1927  seems  to 
be  prohibitive. 

2.  Potver: — Power  development  is  highly 
important  on  the  White  River.  There  are 
nimierous  valuable  liydroelectric  power  sites 
in  the  mountains,  which  could  be  developed  to 
meet  future  demands.  It  has  been  estimated 
that  approximately  three-quarters  of  a  million 
horsepower  can  ultimately  be  developed. 

At  the  present  time  there  are  hydroelectric 
power  developments  aggregating  12,000  kva  on 
the  \\Tiite  River,  the  Empire  District  Electric 
Company  Ozark  Beach  Plant  being  the  prin- 
cipal installation. 

Existing  markets  in  the  lead  belt,  in  St.  Louis, 
Missouri,  and  in  Arkansas  can  be  served  most 
advantageously  by  interconnections  between 
hydro  and  steam  plants.  Electrification  of 
railroads  through  the  Ozarks  and  electrolytic 
ore  reduction  processes  may  ofl'er  new  markets. 

Utihzation  of  the  upper  portions  of  some  of 
the  power  reservoirs  for  the  storage  of  flood 
waters  is  possible  and  can  be  made  of  value  to 
comprehensive  flood  control  without  undidy 
penalizing  the  power  production. 

3.  Irrigation  and  Drainage:  The  irrigation 
problem  on  the  White  River  is  local  and  minor 
in  character.  Only  one  project  for  this  purpose 
lias  been  included.  This  j)rojcct  pi-ovides  foi 
tlie  irrigation  from  surface  water  somres  of 
more  than  100,000  acres  of  rice  lands  iti  tlic 
Clrand  Prairie  region  of  Arkansas,  as  a.  sub- 
stitute for  the  rapidly  diminishing  well-water 
supply.  This  supply  lias  already  been  de- 
pleted 20  percent,  causing  a  corresponding 
increase  in  pumping  rates  that  are  already 
approacliing  prohibitive  limits.  It  has  been 
estimated  that  an  irrigation  supply  can  effect 
an  annual  saving  in  present  annual  pumping 
costs  of  more  than  $7  per  acre. 

4.  Navigation:  Water-borne  traffic  on  the 
White  River  is  hmited  to  331  miles  on  the 
main  stem,  213  miles  on  the  Black  River  and 
94  miles  on  the  Cm-rent  River.  The  cost  of 
increasing  the  channel  depths  is  not  justified, 
except  as  a  byproduct  of  flood  control  or 
power  development,  for  only  240,000  tons  are 
carried  on  the  river  annually  and  existing 
navigation  needs  are  being  provided  for  at 
present.  The  Federal  Government  has  ex- 
pended about  $1,900,000  for  open -channel  work 
on  the  three  rivers  of  the  Wiite  River  System, 
and  about  $2,000,000  for  locks  and  dams  on 
\Miite  River,  or  a  total  of  $3,900,000  for  naviga- 
tion improvement. 
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sissippi  and  Red  Rivers,  as  well  as  overflow 
from  the  Arkansas  River  and  Mississippi  River, 
threatens  the  lower  valley  of  the  Ouachita  in 
addition  to  floods  from  the  Ouachita  itself.  In 
1927,  47,000  acres  of  cleared  land  and  180,000 
acres  of  timber  land  were  inundated.  The 
'"Adopted  Plan"  of  the  Mississippi  River  Com- 
mission provides  flood  protection  for  2,600 
square  miles,  principally  by  ring  and  guide 
levees  which  appears  to  be  all  that  is  justified 
at  present.  Super  floods  wiU  flow  through  the 
Boeuf  spiflway,  2,700  square  miles  of  which 
would  be  under  backwater  during  high  flood 
peaks.  The  extensive  timbered  areas  preclude 
the  possibility  of  complete  levee  protection  on 
an  economical  basis  because  they  cannot  con- 
tribute enough  to  the  costs. 

Storage  reservoirs  at  Blakely  Mountain  on 
the  Ouacliita  Rivers  as  well  as  on  the  Caddo 
and  Little  Missouri  rivers  with  a  total  capacity 
of  747,000  acre-feet  would  equaUze  a  consider- 
able amount  of  the  flood  flow  at  a  cost  of 
$8,000,000.  Combined  power  and  flood  con- 
trol reservoirs  at  Blakely  Mountain  Dam  and 
Remmel  Dam  would  give  full  protection  to  the 
section  between  Alalvern  and  the  mouth  of 
Caddo  River  and  partial  protection  from  there 
to  Arkadelphia. 

Ail  the  reservoir  projects  contemplated  or 
proposed  for  flood  control  would  cost  approxi- 
mately 845,000,000.  Their  combined  effect 
in  operation  would  not  reduce  the  Mississippi 
River  flood  crest  more  than  nine  inches. 

3.  Poicer:  Potential  power  developments 
are  located  in  the  mountain  sections  of  the 
Ouachita  Basin.  The  most  important  is  the 
Blakely  Mountain  project  on  the  main  stream 
near  Hot  Springs,  Arkansas.  In  combination 
with  this  there  are  possible  additions  to  the 
existing  Remmel  and  Carpenter  instaUations. 

There  are  three  dam  sites  on  the  Caddo  Riv- 
er— Caddo  Gap,  Lenox,  and  DeGray — and 
three  on  the  Little  Missouri — Riggs  Bluft",  Mat- 
lock, and  Narrows.  Of  these  the  DeGray  and 
the  Narrows  are  most  suitable  for  flood  control 
and  power,  but  are  of  much  less  value  than 
Blakely  Moimtain. 

Core  drilling  by  the  power  hcense  apphcant, 
the  Arkansas  Power  &  Light  Company,  at  the 
Blakely  Mountain  site,  show  foundations  suit- 
able for  a  masonrj^  dam  200  feet  high  to  develop 
76,000  kw  at  a  cost  of  $13,000,000. 

4.  Navigation:  By  the  past  expenditure  of 
$5,250,000  on  projects  for  a  sLx-  to  nine-foot 
channel  for  navigation,  350  miles  of  the  main 


stem  from  the  mouth  of  the  Black  to  Camden, 
Arkansas,  have  been  made  navigable  and  snags 
have  been  removed  for  an  additional  66  miles  to 
Arkadelphia.  About  as  much  more  mileage  in 
the  tributaries  has  been  included.  The  annual 
cost  of  snagging  and  channel  work  amounts  to 
about  $80,000  and  the  annual  maintenance  of 
the  six  locks  and  dams  aggregates  about 
$185,000. 

The  tonnage  carried  on  the  river  in  1931  con- 
sisted primarily  of  sand,  gravel,  and  logs,  wath 
some  cotton  and  machinery.  It  was  mainly 
consigned  to  Monroe,  Camden,  and  local  com- 
munities. It  amounted  to  217,000  tons.  No 
extension  of  navigation  improvements  on  the 
river  is  recommended. 

AU  Southwest  Basins 


Water  Supjjly  and  Waste  Disposal:  Water 
supply  is  of  vital  importance  to  every  individual 
in  the  Southwest  Basins.  Few  public  works 
investments  pay  greater  dividends.  In  the 
same  category  and  inseparably  associated  with 
pubHc  works  supphes  from  surface  sources 
comes  sanitation.  Of  ever-increasing  moment 
as  population  density  grows,  sewage  and  waste 
disposal  must  be  included  in  any  comprehen- 
sive water  utihzation  program. 

There  are  in  the  Southwest  Basms  more  than 
200  commvmities  of  which  60  percent  use  surface 
water  and  40  percent  use  wells.  Their  total 
annual  consimiption  is  some  53  biUion  gaUons 
per  annum.  Only  40  percent  of  the  suppUes 
are  treated  at  present. 

A  striking  example  of  reuse  of  water  on  a 
stream  where  congestion  of  population  has  out- 
grown the  unregulated  water  supply  available, 
occurs  on  the  Grand-Neosho  of  southeastern 
Kansas  and  eastern  Oklahoma.  Here  50,000 
people  suffer  periodically  from  water  shortage 
as  the  river  flow  is  depleted  forming  stagnant 
pools. 

P.W.A.  apphcations  for  water-supply  im- 
provements for  200  mimicipahties  of  the  South- 
west Basins  exceed  $15,000,000.  Sewerage  ap- 
plications exceed  $7,000,000. 

A  complete  study  of  potential  water  supply 
and  sanitation  requirements,  as  far  as  can  now 
be  predicted,  is  recommended  in  order  that  the 
existing  lack  of  information  may  not  miUtate 
against  the  most  beneficial  use  of  water  in  the 
future. 

Forestry:  Nearly  three-fifths  of  the  South- 
eastern Basin  is  within  the  treeless  region. 
The  headwaters  of  the  Arkansas  River  are  in 
the  forested  ranges  of  the  Rocky  Mountains; 
there  are  narrow  strips  of  timber  along  streams 


in  the  plains  and  prairie  sections;  most  of  the 
forests  are  in  the  eastern  portion.  These  east- 
em  forests  are  rliiefly  niLxeil  hardwoods;  with 
small  areas  of  oak  and  pine  with  a  limited  rep- 
resentation of  longleaf  pine.  The  lower 
stretches  of  the  main  rivers  are  bordered  by  the 
southern  lowland  hardwoods  with  some  scat- 
tered areas  of  cypress. 

The  npland  forests  are  particularly  important 
in  checldng  erosion  and  retarding  run-off. 
Their  value  in  tliis  regard  has  been  greatly  im- 
paired b}'  exploitation  without  reference  to  re- 
placement, and  by  destruction  of  the  ground 
cover  by  fire.  The  lumber  Industry  has  of  late 
years  been  on  a  decline.  Under  adequate  pro- 
tection and  systematic  management  the  forests 
of  the  Basins  should  in  the  future  contribute 
materially  to  the  industrial  development  of 
regions  where  they  occur,  as  well  as  render  a 
service  in  recreation  and  conservation  of  wild 
life. 

National  Forests  have  been  established  in 
Arkansas,  Oklahoma,  and  Louisiana  compris- 
ing an  aggregate  gross  area  of  more  than 
2,500,000  acres.  Forests  at  the  headwaters  of 
the  Arkansas  Kiver  are  embraced  in  the  Na- 
tional Forest  system  and  cover  about  1,700,000 
acres.  These  areas  are  of  special  value  in  pro- 
tecting the  slopes  from  excessive  erosion,  and  in 
pro\"iding  recreational  facilities.  They  also 
form  a  nucleus  about  which  a  national  forestry 
program  can  be  biult. 

Commercial  lumbering,  which  has  been  on 
the  decline  in  Arkansas  and  Louisiana  might 
advantageoush'  adopt  a  timber  crop  rotation 
schedule  inasmuch  as  manj^  of  these  lands  have 
no  other  value  than  for  forestry.  Wood-pulp 
production  on  a  large  scale  is  possible  in  the 
backwater  areas  of  the  Mississippi. 

Soil  Erosioti:  The  most  serious  loss  occurs 
from  sheet  erosion  on  the  farms  in  central  and 
southern  Oklahoma  and  in  northern  Texas. 
Wind  erosion  has  greatly  impaired  lands  in  the 
region  centering  about  the  panhandle  of  Okla- 
homa and  in  some  other  sections.  Large  areas 
have  also  reached  the  stage  of  gully  erosion. 
Thus  in  Oklahoma  alone  about  five  million 
acres  are  unusuable  for  cultivation  because  of 
gidly  erosion.  Forest  and  grass  fires  and  over- 
grazing have  been  primarily  responsible  for 
serious  erosion  in  wooded  sections  and  on  open 
ranges.  The  advancement  of  agriculture  and 
grazing  in   upland   and   hilly  sections  of  the 


Basins  depends  in  part  on  the  introduction  of 
methods  of  tillage  and  land  use  which  will 
check  the  erosion  now  under  way. 

In  the  evaluation  of  projects  cognizance  has 
been  taken  of  possible  erosion-control  benefits. 

Recreation:  There  are  parts  of  the  Southwest 
Basins,  notably  in  Kansas,  Oklahoma,  and 
Texas,  where  parks  and  lake  resorts  are  so 
scarce  that  people  are  obliged  to  travel  long 
distances  for  recreation.  In  dajs  of  prosperity 
the  wheat  farmers  of  the  region  could  make 
periodic  pilgrimages  to  national  parks,  and 
forests,  but  dining  depressions  the  demand  for 
local  recreational  facilities  attached  hitherto 
unrecognized  value  to  a  small  body  of  water  or 
a  clump  of  trees. 

The  value  of  many  reservoirs  can  be  en- 
hanced by  retaining  sufficient  residual  storage 
for  recreation  purposes  ^\•ithout  materially 
decreasing  their  value  for  water  power. 

As  frontiers  disappear  and  jiopulation  den- 
sity increases  the  social  benefits  of  recreation 
must  be  recognized  in  national  and  State 
planning.  The  comprehensive  plan  for  the 
development  and  use  of  water  resouices  of  the 
Southwest  Basins  includes  the  social  as  well  as 
the  economic  considerations  in  a  well-balanced 
program. 

. — Classified  suiiimary  of  cost  of  projects  of 
South  west  basing 

[Figures  in  thousands,  000  omitted] 
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Drainage  area 

Flood 
control 

Power 

Navi- 
gation 

^ir 

r.x 

Total 

Red  River: 

$3,820 
19,S«0 

$170 
22,362 

B 

$5,701 

$10,000 

57  623 

23,380 

22,532 

5,701 

10,000 

\ 

13,244 
20,743 

13,290 
11,223 

10,000 
6,571 

$1,700 
3,055 

38,234 

33,987 

24,513 

16,571 

4,755 

White  River: 

556 
10,561 

16,580 
23,253 

17,136 

B 

8,200 

42,014 

11,117 

39,833 

8,200 

Ouachita  River 

14,200 

14  200 

Total  A  projects- 
Total  B  projects.. 

17,620 
50,864 

30,040 
71,038 

5,701 

10,000 
24,771 

1,700 
3,055 

59,360 
155,429 

Total  A  and  B 
projects 

68,484 

101,078 

5,701 

34,771 

4,755 

214,789 
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THE     LOWER     MISSISSIPPI    REGION 

The  Alluvial  Valley  and  the  Adjacent  Uplands 
Drained  by  Mmor  Tributaries  of  the 
Mississippi 


1.  Social  Conditions  and  Objectives 

Basic  Questions:  The  future  of  the  alluvial 
valley  of  the  Mississippi  liinges  on  the  flood 
problem,  because,  as  in  the  past,  economic 
development  there  will  be  restricted  largely  to 
the  protected  areas.  Only  half  of  the  alluvial 
valley  will  be  protected  from  all  floods  when 
the  works  now  under  construction  or  contem- 
plated in  accordance  with  the  Adopted  Plan  for 
flood  control  are  completed.  Is  it  desirable  and 
feasible  to  provide  effective  protection  for  more 
of  it?  Since  the  prime  objective  of  all  social 
planning  should  be  the  maintenance  or  attain- 
ment of  a  high  standard  of  living,  this  question 
leads  to  others.  Should  the  mode  of  hfe  now 
dominant  in  the  lower  valley  be  extended? 
Can  some  improved  system  of  life,  conducive  to 
human  betterment,  be  established  and  main- 
tained in  additional  areas  that  may  be  pro- 
tected and  developed?  Can  the  rich  natural 
resources  of  the  valley  be  made  to  yield  a  more 
abundant  Uving? 

Just  as  the  future  of  the  alluvial  valley 
hinges  on  the  flood  problem,  so  the  future  of 
much  of  the  adjacent  uplands  turns  on  the 
problem  of  soil  erosion,  which  has  reached  an 
advanced  stage  over  large  areas.  How  best 
may  the  denudation  of  the  Uplands  be  checked, 
and  how  best  may  the  lot  of  the  farmers  who 
occupy  these  eroded,  submarginal  lands  be 
improved? 

The  Present  Population:  The  population  of 
the  Lower  Mississippi  Region  was  approxi- 
mately 3,905,000  in  1930.  Of  tliis  number,  60 
percent  lived  in  the  alluvial  valley,  or  Delta, 
as  it  commonly  is  called,  and  40  percent  in  the 
Uplands.  The  density,  greater  in  general  in 
the  Delta  than  on  the  Uplands,  ranges  from 
fewer  than  18  persons  per  square  mile  to  more 
than  90.  Much  of  the  Delta  is  potentially 
capable  of  supporting  a  far  larger  population 
than  it  does  now,  while  much  of  the  Uplands 
is  incapable  of  supporting  properly  its  present 
population. 

The  negro  population,  in  greater  measure 
than  the  total  population,  is  denser  in  the  Delta 
than  in  adjoining  areas.  In  the  northern  part 
of  the  Yazoo  Basin,  for  example,  the  density 
of  negroes  exceed  85  per  square  mile,  while  in 


part  of  the  Ozai-k  Highlands  it  is  less  than  1 
per  square  mile. 

Most  parts  of  the  Delta  have  gained  consist- 
ently in  population  during  the  last  twenty  years, 
and  most  parts  of  the  Uplands  have  lost.  In  the 
Delta,  the  districts  that  have  been  most  subject 
to  floods  are  in  general  those  that  experienced 
most  recent  (belated)  growth  in  population. 

Dominance  of  Agriculture:  In  the  Delta  and 
the  Uplands  alike,  about  two-thirds  of  the 
total  population  is  rural.  In  both  sections, 
too,  about  half  the  total  population  depends 
directly  on  agriculture.  Even  the  larger  urban 
centers  depend  chiefly  on  commerce  rather 
than  industry,  and  with  few  exceptions  the 
smaller  cities  and  villages,  distributed  rather 
evenly  throughout  the  region,  are  merely 
trading  centers  for  the  surrounding  countryside. 
Though  farming  is  everywhere  the  principal 
activity  in  the  Delta,  only  half  of  its  total  laud 
area  is  in  farms.  The  proportion  ot  all  land  in 
crops  ranges  from  10  percent  or  less  in  parts  of 
the  lower  Red  and  Tensas  basins  to  60  percent  or 
more  in  the  northwestern  part  of  the  Yazoo  Basin. 

Types  of  Farming:  In  the  Delta  and  the  ad- 
joining Uplands  drained  by  minor  tributaries 
of  the  Mississippi  there  are  twelve  areas,  large 
and  small,  that  in  greater  or  less  degree  differ 
one  from  another  in  the  type  of  farming  prac- 
ticed. It  is  noteworthy,  however,  that  one- 
crop  cotton  farming  characterizes  the  northern 
two-thirds  of  the  Delta,  and  most  of  the  Up- 
lands. One-crop  sugar  farming  is  outstanding 
in  the  southernmost  third  of  the  Delta.  At 
both  the  northern  and  southern  borders  of  the 
Delta  and  in  scattered  parts  of  the  Uplands, 
speciahzed  grain,  dairy,  or  truck  farming  pro- 
vide some  variety  in  agricultural  produce. 

Standard  of  Living:  Lands  of  the  Delta  that 
are  protected  adequately  from  floods  and  that 
are  drained  properly  are  inherently  capable  of 
supporting  a  highly  prosperous  rural  society. 
The  fertile  soils,  the  long  growing  season,  the 
generous  rainfall,  the  comparatively  short  dis- 
tances to  ports  and  to  great  markets  together 
afford  an  exceptional  basis  for  social  develop- 
ment. The  prevailing  standard  of  hving  at 
present  is  evidenced  by  such  facts  as:  (1)  The 
gross  income  per  acre  from  all  farm  products  in 
1929  was  less  than  $10  over  half  or  more  of  the 
Delta,  although  it  ranged  as  high  as  S25  in 
restricted  areas  having  maximum  flood  protec- 
tion. (2)  More  than  half  the  farms  over  most 
of  the  Delta,  more  than  three-fifths  of  them 
over  much  of  it,  and  more  than  nine-tenths  over 
some  of  it,  reported  for  1929  an  aggregate 
value   for   all   products   of   less   than   $1,000. 
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Forty  to  70  percent  of  them  in  a  relatively  large 
area  at  the  south  and  20  to  40  percent  and  more 
in  a  comparable  area  at  the  north  reported  the 
total  value  of  all  products  at  less  than  $600. 
(3)  In  many  counties  the  percentage  of  farms 
reporting  habitations  lighted  by  electricity  in 
1930  was  less  than  1,  and  in  only  four  was  it 
5  or  more.  (4)  More  than  20  percent  of  all 
pei'sons  over  ten  years  of  age  are  illiterate  in  a 
belt  of  variable  width  extending  from  the  Gulf 
Coast  to  southwestern  Tennessee.  In  some 
localities,  the  percentage  exceeds  20  and  even 
30.  For  the  entire  population  of  the  country 
it  is  4.3,  and  for  the  total  rural  population,  6. 
(5)  As  in  earlier  decades,  tenancy  increased 
more  or  less  almost  everywhere  in  the  Delta 
from  1920  to  1930,  locally  l)y  incnv  lli:iii  12 
pei'cent.  About  eight-tentlis  of  nil  Inrm  oper- 
ators there  are  now  tenants. 

The  foregoing  statements  regarding  the  Delta 
are  applicable  in  general  to  the  Uplands,  al- 
though on  the  less  fertile  and  more  erosive  soils 
of  the  latter  the  conditions  of  rural  life  are  even 
more  meager.  In  1930,  the  average  value  of 
all  products  per  cotton-farm  operator  was 
about  $300  less  in  representative  Upland  coun- 
ties than  in  representative  Delta  counties. 
Tenancy  ranges  from  50  to  90  percent  in  the 
eastern  uplands,  but  does  not  exceed  30  percent 
in  the  Ozark  portions  of  the  St.  Francis  Basin. 
During  the  decade  1920-1930  it  increased  in 
most  parts  of  the  Uplands  and  in  several  parts 
by  as  much  as  14  percent. 

The  tenant  system  is  a  concomitant  of  the 
low  standard  of  living  prevailing  in  most  of  the 
Delta  and  much  of  the  Uplands.  As  a  ladder 
to  ownership  of  land  it  has  proved  an  utter 
failure.  With  few  exceptions,  the  tenants, 
especially  those  on  the  cotton  plantations, 
never  get  out  of  debt.'  An  average  cropper 
whose  share  of  a  cotton  crop  is  worth,  say,  $300 
to  $500,  has  pitifully  little  to  spend  for  food, 
clothmg,  furnishings,  medical  care,  and  other 
needs.  Of  necessity  he  operates  largely  on 
ci-edit,  obtained  from  or  through  his  landlord 
at  a  high  rate  of  interest.  In  many  cases  he  is 
discouraged  or  even  prevented  from  growing 
food  crops  for  his  family  on  part  of  the  land 
allotted  to  him.^     He  lives  in  an  unpainted, 


1  Forty  to  60  percent  of  the  tenants  are  "croppers",  and  the  remainder 
either  "share-renters"  or  "cash  tenants."  Croppers  furnish  only  their 
own  labor  and  that  of  their  dependents,  and  receive  half  the  crop  from 
their  "cuts"  of  land;  share-renters  supply  labor,  implements,  and  work 
animals,  and  get  two-thirds  of  the  crop;  cash  renters  provide  labor, 
implements,  and  stock,  pay  a  cash  rent,  and  obtain  the  entire  crop. 

'  In  parts  of  the  Vazoo  Basin  the  average  value  of  farm  products  used 
by  the  operator's  tamUy  was  less  than  $50  in  1929;  over  half  or  more  of 
the  Delta,  it  was  less  than  $100.  On  the  other  hand,  more  than  90  percent 
uf  all  farm  products  was  solil  or  lrail«<l  in  1929  throughout  most  of  the 
Delta. 


comfortless  cabin  of  two  rooms,  furnished  with 
the  bare  necessities  of  existence  (beds,  a  few- 
chairs,  a  table,  a  stove),  and  devoid  of  sanitary 
facilities.  If  he  leaves  the  plantation  because 
of  the  operation  of  the  cotton-reduction  plan 
or  for  some  other  reason,  he  probably  must  go 
on  the  relief  rolls,  since  there  is  little  or  no 
chance  for  him  to  secure  cmjjloyiiienl  in  in- 
dustry. 

A  i\'ew  Social  Order:  Stabihzation  of  the  old 
social  order  in  most  of  the  region  will  ac- 
complish little  toward  human  betterment. 
The  pernicious  tenant  system  should  be 
abolished  as  soon  as  practicable  through  re- 
adjustment in  land  utilization  and  ownership. 
Meanwhile,  the  degrading  mode  of  life  which 
it  tends  powerfully  to  breed  and  perpetuate 
should  not  be  permitted  to  s()read.  To  this 
end,  additional  flood  control  for  |)artially  de- 
veloped or  undeveloped  portions  of  the  Delta 
should  be  undertaken  only  in  connection  with 
and  as  part  of  a  program  of  land  development, 
occupation,  use,  and  ownership  that  will  insure 
a  notably  higher  standard  of  living  than  now 
prevails  there.  Such  a  program  can  be  carried 
out  in  the  relatively  near  future  only  by  the 
Federal  Government,  or  under  its  leadership 
and  with  its  generous  support.  The  magni- 
tude of  the  undertaking,  the  technical  and 
social  difficulties  involved,  and  the  heavy  ex- 
penditures required  preclude  successful  action 
by  land  owners,  local  communities,  or  even  the 
states  within  whose  borders  these  lauds  are 
located.  Suggestions  for  a  realistic  approach 
to  the  problem  of  formulating  such  a  program 
are  made  in  later  pages. 

II.  Types  of  Land  Areas  as 
Related  to  Water  Problems 

The  Uplands 

Erosion  the  Chief  Problem:  The  most  critical 
and  wide-spread  water  problem  in  the  uplands 
of  the  Lower  Mississippi  Region,  and  the  most 
critical  and  wide-spread  land  problem  as  well,  is 
that  of  soil  erosion.  It  is  most  acute  in  the 
upper  Yazoo  Basin,  though  serious  also  in  the 
uplands  of  southwestern  Mississippi,  in  western- 
most Tennessee  and  Kentucky,  and  locallj'  to 
the  west  of  the  Mississippi  on  Crowley's  Ridge 
and  in  the  upper  St.  Francis  Basin.  The 
following  discussion  is  restricted  to  the  upper 
Yazoo  Basin. 

Principal  Cauftes  of  Erosion:  The  rainfall  of 
the  upper  Yazoo  Basin  is  heavy  (about  50 
inches  annually)  and  the  soils,  mostly  silt 
loams  or  loess,  are  washed  easily  from  slopes 
of  even  moderate  steepness  that  are  not  effec- 
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Above — an  advanced  stage  of  gullying  in  the  silt-loam  section  of  the  Yazoo  uplands.  Incipient  gullying  is  widespread 
in  cultivated  fields  in  this  section.  Below — Arkansas  City,  Arkansas  flooded  by  Mississippi  River  waters  in  1927. 
Even  though  the  Mississippi  is  confined  in  the  future  there  are  Delta  towns  that  will  be  under  water  unless  protec- 
tion is  afforded  against  the  floods  of  minor  tributaries. 


tively  protected  by  vegetation.  Once  begun, 
gullies  grow  rapidly  and  chasms  30  to  50  or 
more  feet  deep  are  common.  Deforestation, 
tiie  i)ractice  of  burning  pastures  annually',  the 
use  of  most  cultivated  land  year  after  year  for 
cotton  and  corn,  and  the  wide-spread  use  of 
careless  methods  of  tillage  are  basic  factors  in 
the  deterioration  of  the  land.  The  traditional 
objective  of  securing  the  largest  possible  yield 
of  a  single  money  crop  discourages  crop  rota- 
tion and  the  planting  of  forage  crops,  wliile  it 
encourages  the  cultivation  of  very  steep  slopes 
after  those  less  steep  have  been  exhausted. 
Tenant  operators  have  little  or  no  inclination 
to  spare  the  soil  that  others  own.  Most  land- 
lords permit  or  encourage  procedures  that  rob 
the  land,  and  look  only  to  maximum  yields 
while  the  soil  lasts. 

Losses  from  Erosion:  The  prevailing  system 
of  farming  results  not  only  in  impoverishment 
of  the  land  and  its  later  abandonment,  but  also 
in  economic  and  social  retrogression  that  leads 
to  financial  and  cultural  poverty.  The  aggre- 
gate differences  between  the  present  values 
per  acre  of  uneroded  lands  of  various  classes 
in  the  Yazoo  Uplands,  assuming  that  those 
lands  were  all  put  to  their  best  use,  and  those 
of  corresponding  lands  that  have  been  injured 
in  var^'ing  degree  by  erosion  amount  to  approxi- 
mately $16,000,000.  This  figure  will  l)e  in- 
creased by  some  $3,400,000  by  1945  if  the  land 
is  not  given  proper  care.  Impressive  though 
these  figures  are,  they  cover  only  one  of  the 
types  of  damage,  direct  and  indirect,  that  the 
area  has  experienced  from  erosion,  and  they  take 
no  account,  of  course,  of  damages  in  the  Yazoo 
lowland  inflicted  by  silt-laden  flood  waters 
from  the  denuded  hills. 

Principles  of  Action:  Forestry  and  conserva- 
tive grazing  represent  the  best  uses  for  most  of 
the  hill  lands  of  the  basin,  since  without  a 
protective  cover  of  trees  or  of  sod,  denudation 
will  continue  actively  to  its  final  stage.  Com- 
mercial forestry  aft'ords  private  interests  no 
prospect  of  early  profit,  and  livestock  farming 
on  a  significant  scale  is  as  yet  in  the  stage  of 
experimentation.  Pubhc  participation  in  the 
physical  and  economic  rehabilitation  of  the 
area  is  essential.  The  Federal  Government 
should  continue  the  purchase  of  eroded  lands 
there  with  a  view  to  planting  forests,  control- 
ling grazing,  and  checking  gull}' ing,  and  should 
give  appropriate  assistance  to  owners  of 
uneroded  lands  in  order  to  control  denudation. 
Delta  Lands  Protected  From  All  Floods 

In  the  western  part  of  the  Yazoo  Basin,  the 
eastern  part  of  the  St.  Francis  Basin,  the  lower 


Delta,  and  parts  of  the  Atchafalaya,  Boeuf,  and 
Tensas  basins,  the  flood  hazard  will  be  reduced 
to  a  minimum  by  the  Adopted  Plan,  and  in 
those  areas  the  chief  problems  of  water  relate 
to  drainage,  domestic  supplies,  and  navigation. 

Drainage  Problems:  More  than  four-fifths  of 
the  protected  lands  is  in  drainage  enterprises 
constructed  between  1905  and  1925,  and  these 
lands  are  the  most  prosperous  in  the  Delta. 
In  1930  they  had  the  larger  percentages  of  land, 
both  in  farms  and  in  crops,  and  the  higher  gross 
incomes  per  farm  operator. 

In  their  native  condition  these  lands  were 
covered  with  valuable  timber,  most  of  which 
has  been  removed.  The  growth  remaining  on 
cutover  lands  has  slight  commercial  value, 
although  it  is  useful  to  settlers  as  domestic  fuel. 
To  change  siich  land  to  a  condition  suitable  for 
profitable  agriculture  and  for  satisfactory 
habitation  would  necessitate  clearing  the  land 
of  standing  timber  and  stumps,  providing  farm 
drainage  and  main  ditch  outlets,  building 
fences  and  houses,  and  constructing  highways. 
Acquisition  of  land  and  reclamation  work  would 
cost,  under  present  conditions,  approximately 
$100  per  acre. 

Many  of  the  drainage  districts  are  in  default 
on  payments  due  on  their  indebtedness,  partly 
because  of  low  prices  for  cotton  and  partly  be- 
cause they  have  not  been  settled  completely. 
Appro.ximately  1,500,000  acres  in  drainage  en- 
terprises in  protected  parts  of  the  Delta  were 
not  in  farms  in  1930,  and  they  included  at  least 
650,000  acres  available  for  inunediato  settle- 
ment. The  Reconstruction  Finance  Corporation 
is  empowered  to  aid  districts  in  acute  financial 
distress  by  means  of  refunding  operations,  but 
at  the  present  rate  of  settlement  five  years  or 
more  will  elapse  before  all  the  vacant  lands  in 
the  protected  districts  are  occupied.  The 
drainage  of  more  land  meanwhile  would  provide 
injurious  competition  to  areas  suffering  from 
lack  of  settlers  and  eminently  suited  to  agricul- 
tural occupation. 

Water-supply  Problems:  The  protected  parts 
of  the  Delta  have  a  clean  and  dependable  supply 
of  water  either  from  the  Mississippi  River  or 
from  the  artesian  reservoirs  that  underly  the 
entire  region  at  depths  of  from  300  to  2,000 
feet.  Because  of  the  ease  with  which  the  upper 
ground  waters  are  polluted,  the  presence  of 
obnoxious  vegetal  matter  in  the  alluvium, 
and  the  low  flow  of  most  of  the  tributary  streams 
in  the  dry  season,  surficial  supplies  of  water 
are  not  satisfactory.  In  four  cities  of  the  lower 
Delta  of  Louisiana  and  especiaUy  in  New 
Orleans,  where  the  water  table  is  very  near  the 
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surface,  the  disposal  of  storm  run-off  consti- 
tutes a  problem  the  magnitude  of  which  has 
taxed  local  financial  resources.  Farther  north, 
lack  of  suitable  facilities  for  sewage  disposal 
has  created  difficult  problems  of  sanitation  in  at 
least  ten  towns  and  the  neighboring  rural  areas. 

Navigation:  Although  the  protected  lands 
support  the  older  connnunities  and  denser 
populations  of  the  Delta,  the  improved  water- 
ways that  traverse  them  are  not  serving  as 
important  highways  of  trade.  The  Federal 
Government  has  spent  to  1933  approximately 
$1,010,000  on  the  improvement  of  the  Big 
Sunflower  and  Tensas  Rivers,  Bayou  Macon, 
and  Bayou  Steele.  The  annual  maintenance 
charge  on  these  streams  amounts  to  about  $13,- 
000  and  the  interest  charge  on  the  construction 
cost,  at  4  percent,  to  $21,600.  The  average 
annual  cost  to  the  Government  per  ton-mile 
for  the  traffic  that  moved  during  the  period 
1928-1932  was  6.0  cents  on  the  Big  Sunflower 
River,  and  1.7  mills  on  Tensas  River  and  Bayou 
Macon.  Almost  no  traffic  moved  on  Bayou 
Steele,  which  was  recommended  for  abandon- 
ment. 

Principles  of  Action:  In  the  light  of  the  inves- 
tigations, the  results  of  which  have  been  sum- 
marized briefly  in  the  foregoing  paragraphs, 
the  following  Federal  policies  seem  desirable. 

1.  Until  the  unoccupied  land  in  existing 
drainage  districts  in  the  protected  parts  of  the 
Delta  is  settled  in  large  part,  the  construction 
of  new  drainage  works  in  the  Delta  or  of  flood- 
control  works  likely  to  induce  new  drainage 
enterprises  there  should  not  be  undertaken. 

2.  Federal  aid  is  justified  in  financing  the 
construction  of  water-supply  and  sewage-dis- 
posal works  in  urban  areas  in  which  the  pollu- 
tion of  water  supplies  is  a  definite  menace  to 
health. 

3.  Maintenance  of  imeconomic  minor  water- 
ways in  this  part  of  the  Delta  should  be  dis- 
continued. 

Delta  Lands  Subject  to  Headwater  Floods 

Although  about  two-thirds  of  the  Delta  is 
to  be  protected  from  Mississippi  River  floods 
under  the  Adopted  Plan,  about  one-fifth  of 
the  section  will  still  be  subject  to  serious 
flooding  from  the  minor  tributaries.  In  addi- 
tion, there  are  large  areas  within  which  the 
successful  tillage  of  the  land  is  precluded  by 
the  high-water  table.  The  control  of  floods 
originating  in  the  nearby  uplands  is,  indeed, 
the  outstanding  water  problem  in  the  lower 
Mississippi  Basin.  A  satisfactory  solution  of 
the  problem  should  greatly  improve  local  condi- 


tions, both  economic  and  social,  and  should 
yield  substantial  benefits  to  the  nation. 

Flood  Protection  and  Drainage:  On  a  mini- 
nnim  basis,  approximately  7,000  square  miles 
of  fertile  alluvial  land  in  the  St.  Francis, 
White,  Ouachita,  and  Yazoo  basins  are 
flooded  at  times,  causing  an  average  annual 
tangible  damage  estimated  conservatively  at 
$4,280,000.  These  areas  are  characterized  by 
scattered  clearings  on  the  higher  tracts  along 
roads  which  traverse  wide  expanses  of  cut- 
over  forest.  Stumps  still  stand  in  many  fields, 
and  the  cabins  are  new.  As  compared  with 
the  neighboring  lands  protected  from  all  floods, 
these  lands  are  much  less  prosperous  and  much 
less  developed.  Two-thirds  or  more  of  them 
are  in  drainage  enterprises  whose  levees,  con- 
structed independently  of  one  another,  have 
intensified  the  flood  problems  of  districts 
downstream,  whose  financial  resources  in  most 
cases  are  insufficient  to  build  and  maintain 
adequate  protection  works,  and  whose  present 
condition  is,  in  general,  one  of  insolvency. 
Lack  of  coordination  of  the  weak  levees  that 
do  e.xist  has  caused  bitter  friction  between 
neighboring  districts,  and  has  necessitated 
heavy  expenditures  by  the  Federal  Govern- 
ment for  reconstruction  following  high  floods. 
Reservoirs  would  provide  far  more  dependable 
protection  and  would  reduce  the  flow  from 
many  streams  into  the  main  stem  of  the  Mis- 
sissippi. It  would  require,  however,  a  degree 
of  cooperative  effort  on  the  part  of  local  inter- 
ests that  has  been  lacking.  The  distress  of  the 
districts  is  due  (1)  to  the  high  costs  of  construc- 
tion necessitated  by  the  flood  hazard;  (2)  to 
improper  design,  lack  of  correlation,  and 
neglect  of  maintenance;  (3)  to  the  flood  damages 
sufl'ered  by  the  farmers  paying  assessments; 
(4)  to  the  low  prices  of  cotton,  and  partly  (5)  to 
the  reluctance  of  new  settlers  to  buy  land  sub- 
ject to  flooding.  Lumber  companies  and 
drainage  districts  alike  have  fostered  many 
settlement  schemes,  but  with  little  or  no 
success.  Large  scale,  and,  in  many  cases, 
speculative,  agricultural  enterprises  have  been 
numerous  and  one-crop  cotton  culture  has 
been  dominant. 

Effective  flood  protection  would  benefit  the 
present  population  'not  only  by  eliminating 
flood  losses,  but  also  by  strengthening  the 
financial  condition  of  the  drainage  districts,  in 
many  of  which  80  percent  of  the  assessments 
for  1933  are  unpaid.  Moreover,  if  the  settle- 
ment of  the  unoccupied  land,  when  protected, 
were  so  regulated  as  to  promote  land  owner- 


ship  and  a  diversified  and  suitable  type  of 
fanning,  the  indirect  benefits  would  be  felt  by 
new  settlers,  by  their  neighbors,  and  by  the 
country  at  large.  On  the  other  hand,  uncon- 
trolled settlement  would  result  merely  in  a 
perpetuation  of  existing  social  conditions. 

Water  Sujjpli/:  In  those  areas,  subject  to 
headwater  floods,  which  have  experienced  rela- 
tively slight  development,  in  part  because  of 
the  flood  hazard,  the  problem  of  water  supply 
and  sewage  disposal  is  a  pressing  one  for  small 
communities.  Towns  having  populations  of 
1 ,000,  more  or  less,  flooded  occasionally,  located 
in  backward  agricultural  areas,  none  too  pros- 
])erous  themselves,  and  facing  an  uncertain 
future,  are  lacking  in  water  and  sewage  systems. 
They  suffer  in  common  with  nearby  farmers 
from  water  pollution  during  periods  of  high 
water. 

Navigation:  The  stage  of  cultural  develop- 
nient  in  the  areas  under  consideration  makes  it 
most  unfair  to  judge  their  minor  waterways 
solely  on  the  basis  of  present  traffic.  So  far, 
however,  as  the  improved  waterways  previ- 
ously mentioned  that  traverse  well-developed 
areas  aft'ord  a  basis  for  prediction,  no  substan- 
tial gains  in  traffic  may  be  anticipated.  The 
total  cost  of  hnproving  the  St.  Francis,  White, 
Black,  Current,  Tallahatchie,  Coldwater,  and 
Yazoo  rivers  as  of  1933  amounted  to  $4,848,000, 
and  the  annual  maintenance  charges  were  ap- 
pro.ximately  $148,200.  The  average  annual 
Governmental  expenditure  per  ton-mile  for  ton- 
nage moved  during  the  period  1928-1932  was 
8.3  cents  on  the  St.  Francis  River,  3.1  cents  on 
the  Wliite  River,  2.2  cents  on  the  Black  River, 
3.9  cents  on  the  Current  River.  40.4  cents  on 
the  Coldwater  and  Tallahatchie  rivers,  and 
1.5  cents  on  the  Yazoo  River  above  its  mouth. 

Principles  of  Action:  1.  The  protection  of 
areas  subject  to  headwater  floods  originating 
on  the  minor  tributaries  of  the  lower  Missis- 
sippi is  liiglily  desirable  as  a  means  (a)  of  elimi- 
nating recurrent  crop  damages,  (b)  of  improving 
the  financial  condition  of  existing  agricultural 
enterprises,  and  especially  (c)  of  raising  the 
standard  of  living  of  the  present  and  prospec- 
tive populations.  Protection  should  be  at- 
tained by  building  reservoirs  where  practicable 
both  from  an  engineering  and  an  economic 
standpoint,  even  though  they  cost  more  than 
levees  or  floodways.  Although  in  some  areas 
of  small  size  protection  by  levees  alone  may  be 
the  cheapest  method  from  a  local  point  of  view, 
nevertheless  reservoirs  may  aft'ord  cheapest 
protection  from  the  standpoint  of  the  given 
drainage  area  as  a  whole.     From  an  economic 


point  of  view  alone,  protection  is  feasible  imme- 
diately for  lands  in  connection  with  which  the 
average  annual  tangible  flood  damages  exceed 
the  annual  cost  of  the  requisite  works.  From 
a  social  viewpoint,  however,  such  flood-control 
work  should  be  contingent  on  the  provision 
of  technical  and  social  facilities  adequate  to 
develop  a  relatively  liigh  standard  of  hving. 
Under  no  circumstances  should  the  Federal 
Government  aid  in  the  protection  of  these  lands 
without  having  control  of  the  prospective 
"unearned  increment"  in  land  values  and  of 
the  type  of  agriculture  to  be  practiced  on  the 
lands.  The  nature  and  extent  of  the  benefits 
to  be  anticipated  from  a  controUed  program  of 
settlement  would  seem  to  justify  the  assump- 
tion by  the  Federal  Government  of  the  cost  of 
directing  such  a  program  and  of  one-tliird,  at 
least,  of  the  cost  of  constructing  the  flood- 
control  works.  The  costs  not  assumed  by  the 
Federal  Government  should  be  borne  by  the 
beneficiaries  and  should  not  exceed  an  amount 
wliich  could  be  paid  off  in  annual  installments 
over  a  period  of  approximately  twenty  years. 
In  general,  protection  should  be  developed  first 
for  areas  that  alreadj^  are  in  drainage  enter- 
prises. 

2.  Federal  aid  is  warranted  in  financing 
water-supply  and  sewage-disposal  works  for 
small  towns  around  wliich  pollution  is  frequent, 
especially  in  areas  that  probably  will  experience 
growth  in  population  as  a  consequence  of 
flood  protection. 

3.  An  intensive  study  should  be  made  of  the 
increase,  if  any,  in  waterway  traffic  that 
probably  would  result  from  further  develop- 
ment of  the  adjacent  lands.  In  the  light  of  the 
findings,  the  feasibility  or  nonfeasibiUty  of 
continued  maintenance  of  the  improved  water- 
ways should  be  determined. 

Floodway  Lands 

Under  the  Adopted  Plan,  approximately 
4,000  square  miles  of  land  in  the  Delta  con- 
stitute floodways  designed  to  carry  excess 
waters  from  the  leveed  channel  of  the  Missis- 
sippi on  an  estimated  average  of  once  in 
thirteen  years.^  The  New  Madrid  and  Bonnet 
Carre  floodways  are  complete  and  the  Atcha- 
falaya  floodway  is  under  way,  but  construction 
has  not  begun  on  the  Boeuf  floodway.  Even 
if  levees  and  floodways  are  competent  to 
prevent  lower  Mississippi  River  floods,  the 
works  under  construction  or  projected  are 
causing  other  problems  that  challenge 
attention. 
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The  Froblem  oj  Flood  Damages:  Chief  among 
the  problems  provoked  by  the  flood-control 
measures  taken  to  date  is  that  of  the  occupa- 
tion of  the  lands  within  the  Hoodways.  With 
respect  to  this  problem,  the  Federal  Govern- 
ment might  take  any  one  of  the  following 
positions. 

1.  The  Gorenunent  Might  Take  no  Action 
Other  Than  to  Complete  the  Guide  Lerees  as 
planned:  This  is  the  present  policy  in  the 
Atchafalaya  and  Boeuf  basins.  It  will  not 
be  known  until  after  the  flrst  flood  waters 
have  moved  down  those  floodways  whether 
or  not  the  Government  will  have  to  pay 
for  damages.  It  is  estimated  that  if  the 
courts  should  hold  an  obligation  to  do  so 
exists,  the  cost  to  the  United  States  resulting 
from  the  diversion  may  amount  to  many 
millions  of  doUars  for  a  single  big  flood. 
Pending  a  great  flood  necessitating  use  of 
the  floodways  and  the  subsequent  judicial 
opinion  as  to  liability,  roads  are  being  built 
in  the  areas  involved,  settlers  are  arriving  in 
small  numbers  each  year,  and  the  population 
on  the  ground  is  hampered  by  the  reluctance 
of  credit  agencies  to  help  finance  operations 
where  so  much  uncertainty  attaches  to 
economic  development.  In  the  Boeuf  Basin 
there  has  been  agitation  for  building  the 
fuse  plug  levees  up  to  standard  grade  and 
section  and  thus  maintaining  them  until  the 
guide  levees  are  completed.  Even  if  not 
obliged  to  pay  damages,  the  Government 
doubtless  would  have  to  make  heavy  expendi- 
tures after  every  high  flood  for  the  relief  of 
distress  among  the  people  of  the  floodways. 

2.  Payment  for  Flowage  Rights  Might  be 
Made:  This  was  done  in  the  case  of  the  New- 
Madrid  and  Bonnet  Carre  floodways,  which 
occupy  land  not  submerged  in  recent  years, 
and  in  wliich  pre-existing  protection  was  being 
reduced  or  eliminated  by  the  United  States. 
A  similar  procedure  in  the  Atchafalaya  and 
Boeuf  floodways  does  not  seem  to  be  the  best 
solution  because  (1)  the  total  cost  of  pur- 
chasing flowage  rights  would  be  extremely 
high,  probably  nearly  as  much  as  the  present 
value  of  the  lands,  and  (2)  such  purchase 
would  not  obviate  the  need  of  extending 
relief  to  sufferers  from  floods. 

3.  The  Government  Might  Construct  Fixed 
Spillways  in  the  Mississippi  Levees  for  the 
Accommodation  of  Waters  Entering  the  Flood- 
ways.  The  effect  of  these  would  be  to  control 
definitely  the  position  of  the  overflow  and  min- 
imize its  extent  and  duration,  thus  perhaps  re- 
ducing the  cost  of  flowage  rights  sufliciently  to 


make  their  acquisition  practicable.  Possibly 
cooperative  agreements  might  be  made  with 
the  States  and  local  interests  affected,  under 
which  the  improved  conditions  established 
in  the  floodways  by  means  of  such  spillways 
would  be  held  to  offset  the  minimized  dam- 
ages that  would  be  inflicted  when  waters  from 
the  river  entered  the  floodways.  This  may 
prove  to  be  the  most  rational  plan. 

4.  The  Government  Alight  Try  to  Promote 
( 'ommercial  Forestry  in  the  Area,  and  to  Secure 
Zoning  of  the  Land  by  the  Respective  States:  In 
view  of  the  economic  risk  and  the  relatively 
long  investment  involved  in  the  production 
of  bottomland  timber,  and  in  view  further  of 
the  strong  opposition  to  the  floodway  features 
of  the  Adopted  Plan  in  the  states  concerned, 
tliis  procedure  appears  to  be  inexpedient. 
The  promising  chance  of  collecting  damages 
after  the  next  great  flood,  the  high  productiv- 
ity of  most  of  the  soil,  and  the  relatively 
infrequent  occurrence  of  major  floods,  re- 
strain landowners  from  abandoning  or  cm- 
tailing  their  agricultural  operations. 

5.  The  floodway  land  might  be  jrurchased 
by  the  Government  and  might  be  used  to  grow 
timber  or  be  leased  to  farm  operators  re- 
quired to  maintain  permanent  residences 
outside  of  the  floodways. 

Drainage  Outlets:  Even  though  some  satis- 
factory disposition  of  the  lands  within  the 
floodways  be  made,  agricultural  occupation  of 
the  adjacent  protected  areas  will  still  be  ham- 
pered by  the  "cutting  off"  of  natural  drainage 
outlets  through  the  building  of  guide  levees. 
The  need  of  Federal  aid  in  providing  new  drain- 
age channels  behind  the  guide  levees  in  order 
to  prevent  flooding  already  has  been  recognized 
in  the  Atchafalaya  Basin.  A  similar  need  will 
become  apparent  in  the  case  of  the  Boeuf 
Basin,  if  and  when  guide  levees  are  constructed 
there. 

Navigation:  The  major  floods  that  probably 
will  occur  from  time  to  time  in  the  floodways 
doubtless  will  prevent  any  notable  develop- 
ment of  the  economic  life  of  the  areas.  The 
prospects  therefore  are  dim  for  an  increase  in 
traffic  on  the  local  waterways.  As  of  1933,  the 
Boeuf  River  improvement  has  cost  a  total  of 
$131,000  and  required  approximately  $2,500  a 
year  for  maintenance.  The  average  annual 
cost  to  the  Government  of  tonnage  moved 
during  the  period  1928-1932  was  7  mills  per 
ton-mile. 

Principles  of  Action:  1.  If  the  Federal  Gov- 
ernment should  purchase  the  land  in  the  flood- 
ways   that  is  above   the  limits  of  backwater 


flooding,  careful  consideration  should  be  given 
to  all  the  equities,  both  private  and  public. 
The  land  acquired  should  be  classified  accord- 
ing to  its  best  use,  in  view  of  its  character  and 
situation,  and  should  be  devoted  to  national 
forests,  leased  for  suitable  private  use  under 
controlled  conditions  or  otherwise  employed, 
as  its  classification  may  dictate. 

2.  The  Federal  Government  should  stand 
ready  to  share  the  cost  of  alteration  in  drain- 
age outlets  necessitated  by  the  construction  of 
guide  levees  under  the  Adopted  Plan. 

3.  The  maintenance  of  the  uneconomical  im- 
provements for  navigation  within  the  floodway 
areas  should  be  discontinued  and  no  furthei- 
improvements  there  should  be  undertaken. 

Delta  Lands  Subject  to  Backwater  and  Main 
Stem  Floods 

Appro.ximately  one-quarter  of  the  Delta  is 
subject  to  flooding  from  the  main  stem  of  the 
Mississippi  River  or  its  backwaters.  The  lands 
thus  flooded  are  populated  very  sparsely  and, 
for  the  most  part,  can  be  protected  only  at 
great  cost.  They  constitute  a  unit  of  question- 
able importance  in  any  plan  of  flood  control 
and  land  development.  Along  their  borders 
Hows  the  Mississippi.  The  existing  Federal 
policy  with  respect  to  both  lands  and  water- 
way has  tended  and  will  tend  increasingly  to 
promote  unwise  expenditures  for  the  use  and 
control  of  water. 

Flood  Protection:  Some  parts  of  the  flood 
plain  of  the  main  stem  and  the  backwater  areas 
at  the  mouths  of  the  St.  Francis,  ^Miite,  Arkan- 
sas, Yazoo,  and  Red  rivers  are  flooded  to  vari- 
ous depths  annually,  and  other  parts  as  infre- 
quently as  once  in  15  years.  A  few  scattered 
parts  have  been  protected  by  levees,  but  most 
land  of  this  type  either  is  unoccupied  or  is  set- 
tied  in  small  tracts  by  speculators  and  home- 
steaders who  risk  frequent  loss  of  crops  and 
who  are  prepared  to  retire  to  their  housetops 
or  to  evacuate  their  lands  durmg  periods  of 
high  water.  At  least  four-fifths  of  the  back- 
water areas  is  timber  land,  mostly  cutover 
land,  owned  by  lumber  companies.  Protec- 
tion of  some  reaches  along  the  main  stem  would 
raise  the  flow  line,  and  therefore  would  require 
raising  the  levee  grade  on  the  opposite  bank. 
On  other  reaches  no  change  in  flow  line  would 
occur.  The  value  of  the  backwater  areas  as 
natural  reservoirs  in  time  of  peak  flow  is  ques- 
tionable; the  floodwaj's  were  designed  to  ac- 
commodate the  overflow  of  superfloods,  and  it 
was  assumed  that  floods  of  less  height  would 
leave  an  adequate  freeboard.  Although  inde- 
l^endent  protection  of  very  little  of  the  back- 


water areas  is  feasible  at  present — assuming 
that  feasibility  is  determined  by  balancing  costs 
against  the  damages  that  would  be  averted — it 
seems  certam  that  continued  settlement  eventu- 
ally will  develop  so  much  property  exposed  to 
damage  that  local  interests  will  marshal  im- 
pressive evidence  of  the  need  for  protection. 
The  Flood  Control  Act  of  1928  set  aside  funds 
to  defray  two-thirds  of  the  cost  of  building 
control  works  in  the  backwater  areas.  How- 
ever, flood  control  in  those  areas  may  be  re- 
garded properly  as  a  phase  of  reclamation. 
Such  reclamation  if  prosecuted  in  the  near 
future,  would  offer  active  competition  to  settle- 
ment and  development  in  areas  already  pro- 
tected and  drained,  or  in  areas  preferred  by 
reason  of  the  lower  cost  of  protection  and  the 
larger  populations  involved. 

Utilization  of  Unprotected  Lands:  A  definite 
l^'edera!  policy  designed  to  discourage  agricul- 
tural expansion  in  these  backwater  and  main 
stem  areas  should,  if  practicable,  promote  some 
other  use  of  the  land.  Commercial  forestry, 
which  appears  to  be  the  most  promising  alter- 
native use,  is  untried  as  yet  in  the  Delta. 
Specific  information  is  lacking  concerning  the 
productivity  of  mixed  hardwoods  in  the  back- 
water areas  and  of  cottonwoods  along  the  main 
stem,  and  concerning  the  costs  inv^olved  in  their 
management.  The  rapid  growth  of  certain 
hardwoods  and  the  possible  use  of  cottonwood 
for  paper  pulp  apparently  would  justify  ex- 
perimentation in  Delta  forestry  by  a  Federal 
agency.  Such  experunentation  might  demon- 
strate the  feasibiUty  of  action  by  private  in- 
terests and  (or)  necessity  of  government  partic- 
ipation in  a  forestry  program.  The  first  areas 
chosen  should  be  used  also  as  game  refuges. 

Navigation:  Just  as  there  is  some  danger  that 
the  flooded  areas  adjacent  to  the  main  stem 
may  be  used  to  induce  uneconomical  Federal 
expenditures  in  the  relatively  near  future,  so, 
too,  the  main  stem  itself  may  receive  expendi- 
tures for  navigation  out  of  proportion  to  the 
actual  benefits,  direct  and  indirect,  to  be 
derived  from  them.  The  total  cost  of  im- 
proving the  Mississippi  River  for  navigation 
in  the  section  between  New  Orleans  and  Cairo 
maj^  be  estimated  conservatively  at  $190,000,- 
000.  This  includes  $110,000,000  spent,  or 
to  be  spent,  under  the  Adopted  Plan.  The 
average  annual  maintenance  costs  are  at  least 
$2,700,000.  During  the  period  1928-1932  the 
average  annual  traffic,  exclusive  of  material 
used  in  government  work  and  the  coastwise 
and    foreign    petroleum    traffic    below    Baton 
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Rouge,  was  about  1,681,000,000  ton-miles.  If 
this  volume  of  annual  traffic  continues  un- 
changed the  total  Government  subsidy  pro- 
vided shippers  by  water  would  be,  at  the  time 
of  completion  of  the  work  now  under  construc- 
tion, about  6  mills  per  ton-mile.  Allowing 
for  the  meandered  course  of  the  river,  involving 
distances  by  water  that  are  some  50  percent 
more  than  those  by  rail,  the  actual  public 
expenditures,  when  reduced  to  a  basis  com- 
|)arable  to  expenditures  for  rail  haulage,  would 
he  approximately  9  mills  per  ton-mile.  More 
than  two-thirds  of  the  traffic  moved  in  the 
section  below  Vicksburg.  Grain,  cotton,  and 
sugar  were  prominent  items  in  through  move- 
ments. With  the  exception  of  short  hauls  of 
sand  and  gravel,  the  use  of  the  stream  for  local 
commerce  was  inconsequential.  The  Missis- 
sippi is  a  traffic  artery  of  national,  rather  than 
local,  significance.  Its  value  as  a  unit  in  the 
national  transportation  system  is  generally 
thought  to  be  great,  but  the  matter  seems  to 
merit  more  thorough  and  comprehensive  con- 
sideration than  it  previously  has  received. 

In  an  effort  in  part  to  encourage  greater  use 
of  the  river,  Congress  created  the  Inland 
Waterways  Corporation  in  1924.  At  that  time 
it  was  the  opinion  of  the  House  Committee 
reporting  favorably  on  the  measure  that; 

"If  the  Government,  after  making  these 
rivers  navigable,  cannot  profitably  operate  a 
transportation  system   on  them,  then   it    is 
hopeless  to  expect  private  capital  to  do  so, 
and  Congress  should  no  longer  appropriate 
money  from  the  Public  Treasury  for  a  useless 
purpose.     Therefore    the   committee  was  of 
the  opinion  that  tliis  bill  should  pass  in  order 
that  this  pioneering  demonstration  nnght  be 
conducted  by  the  Secretary  of  AVar  until  such 
time  as  its  success  or  failure  may  be  made 
apparent."     (68th  Congress,  1st,  H.R.,  375.) 
Since  1926,  traffic  canned  on  the  lower  river  has 
declined   slightly.     The    Corporation    appears 
not  to  have  shown  an  appreciable  net  income 
from    traffic    operation,    notwithstanding    its 
exemption  from  taxes  and   from  various  ad- 
ministrative expenses.     It  has  arranged  many 
joint  rates,  has  secured  an  increase  in  the  min- 
imum width  of  channel  maintained,  and  has 
financed  or  helped  to  finance  the  construction  of 
various  municipal  terminals. 

Principles  oj  Action:  1.  The  Federal  Govern- 
ment should  not  participate  in  further  protec- 
tion of  areas  now  subject  to  backwater  and 
main  stem  floods  until  feasible  reclamation 
projects  in  other  parts  of  the  Delta  have 
been  carried  out,  except  that  it  should  par- 
ticipate to  the  extent  of  the  cost  of  adminis- 


tering a  settlement  program  and  of  at  least  one- 
third  of  the  construction  cost  of  protection 
works  in  areas  in  which  the  average  annual 
damages  from  floods  now  exceed  the  prospec- 
tive annual  costs  of  complete  protection  and 
in  which  drainage  and  some  flood  protection 
already  have  been  developed. 

2.  Experiments  in  the  care  and  utilization  of 
the  forests  of  the  backwater  a  ad  main  stem 
areas  should  be  undertaken  as  soon  as  practi- 
cable by  the  Forest  Service  in  order  to  discover 
the  feasibility  or  nonfeasibility  of  commercial 
cidture  there,  and  in  order  to  frame  a  program  of 
public-forest  development  in  these  areas  in  the 
event  private  enterprise  will  not  be  able  to 
make  profitable  use  of  the  land. 

3.  A  detailed  study  should  be  made  of  the 
costs  of,  and  the  savings,  if  any,  accruing  from 
the  improvement  of  the  lower  Mississippi 
River  for  purposes  of  navigation,  with  a  view  to 
determining  whether  or  not  the  savings  to  the 
shippers  warrant  the  payment  by  them  of  any 
charge  for  use  of  the  waterway.  Such  a  study 
might  well  involve  a  consideration  as  to  whether 
or  not  there  are  good  reasons  for  the  continued 
existence  of  the  Inland  Waterways  Corporation, 
in  \-iew  of  the  spirit  of  the  Act  of  1924  by  which 
it  was  established. 

III.  Control  of  the  Mississippi  Floods 

Development  oj the  Levee  f^ystem:  The  alluvial 
valley  extending  from  (\ipe  Girardeau,  Mo., 
to  the  mouth  of  the  Mississippi  River,  contains 
some  40,000  square  miles  of  flat  land,  which 
in  its  primeval  condition  was  subject  to  sub- 
mergence during  high  floods  and  was  mostly 
covered  wnth  heavy  timber.  To  ward  off 
Mississippi  flood  water  an  extensive  levee 
system  was  slowly  developed.  The  history  of 
this  system  afl'ords  a  pertinent  example  of  the 
gradual  evolution  of  a  great  community  social 
enterprise,  of  the  growth  in  knowledge  and 
steady  enlargement  of  idesis  resulting  from  the 
slow  cumulation  of  gradually  expanding  ex- 
periences, and  of  the  lessons  that  may  be 
learned  from  a  careful  study  of  history. 

I^evees  were  begun  along  the  river  in  front  of 
New  Orleans  in  1717.  During  the  ne.xt  h>m- 
dred  years  they  were  gradually  extended  up- 
stream to  the  Arkansas.  Under  the  French 
law  it  was  the  duty  of  every  landholder  ha\-ing 
frontage  on  the  river  to  build  the  levees  neces- 
sary on  his  land  to  restrain  flood  waters  from 
escaping  from  the  river.  This  is  still  the 
basis  of  the  law  in  Louisiana,  under  which  the 
state  has  the  right  to  take  all  land  necessary 
to  be  occupied  by  levees. 
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The  Mississippi  River  near  the  mouth  of  the  Arkansas  River.  This  view, 
showing  meandered  course,  eroding  bank,  and  shifting  bar,  is  typical  of 
many  reaches  of  the  lower  river.  Left,  is  a  characteristic  backwater  area 
with  heavy  forest-cover  and  almost  no  signs  of  human  occupation.  Behind 
the  levee,  right,  are  cultivated  lields  of  prosperous  plantations  which  enjoy 
maximum  protection  (Photograph  from  Army  Corps  of  Engineers). 


The  Lower  By  the  Swamp  Land  Acts  of  1849  and  1850 

Mississippi  tjjp  United  States  gave  to  each  state  all  the 
**"*"  pubUcly  owned  overflowed  land  within  its 
borders,  in  order  to  enable  it  "to  construct  the 
necessarj'  levees  and  drains  to  reclaim  the 
swamp  and  overflowed  lands  therein."  Under 
this  stimulus  the  levees  were  gradually  extended 
until,  by  the  end  of  the  last  century,  they  were 
practically  continuous  to  the  upper  end  of  tlic 
alluvial  valley,  except  where  it  was  necessary 
to  leave  gaps  to  permit  tributaries  to  join  the 
main  river. 

When  fioodwatcrs  from  the  Red,  Arkansas, 
White,  St.  Francis,  Mississippi,  Ohio,  and 
smaller  tributaries  entered  the  allu^^al  valley 
in  a  state  of  nature,  they  spread  over  the  whole 
valley.  The  water  that  escaped  over  the  south 
bank  of  the  Red  or  from  the  Mississippi  below 
the  mouth  of  the  Red  finally  reached  the  Gulf 
of  Mexico  through  various  bayous  and  lakes 
without  ever  returning  to  the  Mississippi  chan- 
nel. The  result  was  that  the  capacity  of  the 
Channel  below  the  mouth  of  Red  River  was 
much  less  than  it  was  farther  upstream,  and  to 
this  day  the  Mississippi  Channel  has  a  much 
greater  capacity  between  the  mouths  of  the 
Ohio  and  the  Arkansas  than  it  has  below  the 
mouth  of  Red  River. 

It  early  became  evident  that  careful  co- 
ordination and  planning  of  the  levees  system 
was  necessary,  and  to  this  end  Congress  created 
in  1879  the  Mississippi  River  Commission, 
charged  with  investigating  the  various  pro- 
posed methods  for  controlling  the  river  and  with 
preparing  plans  and  estimates  to  fix  it  per- 
manently, protect  its  banks,  and  facihtate  its 
use. 

Channel  Stabilization:  Like  many  other  rivers 
the  Mississippi  has  the  unfortunate  habit  of 
eating  into  its  banks  here  and  there  along  its 
course  and  thus  slowly  changes  the  location  of 
its  bed.  When  caving  banks  threaten  to  en- 
gulf exceptionally  valuable  property,  especially 
in  the  vicinity  of  towns,  it  is  usual  to  protect 
the  crumbling  banks  from  further  attack  by 
constructing  some  sort  of  bank  revetment. 
Such  revetment  is  very  expensive,  sometimes 
costing  several  hundred  thousand  dollars  per 
mile,  and  so  far  no  perfect  form  of  permanent 
revetment  has  been  devised.  The  average  hie 
of  the  revetment  constructed  in  the  past  has 
been  estimated  as  20  years.  To  avoid  the  ex- 
pense of  installing  bank  revetment,  the  usual 
remedy,  when  a  ca^Tng  bank  threatens  to 
undermine  and  destroy  an  adjacent  levee,  is 
to  build  a  new  piece  of  levee,  called  a  set-back 
208        levee,  sufficiently  distant  from  the  river  as  to 


be  safe  from  further  attack  for  a  number  of 
yeare,  generally  20  or  more. 

Higher  and  Higher  Lerees. — After  much  dis- 
cussion the  Mississippi  River  Commission  in 
1883  established  a  tentative  grade  line  for  the 
top  of  the  levees  all  the  way  from  Cairo  to  the 
mouth  of  the  river.  As  the  levees  were  ex- 
tended and  raised  it  became  evident  that  the 
grade  was  not  high  enough  to  confine  the  higher 
floods,  so  in  1898  the  Commission  established  a 
new  grade  line  averaging  about  five  feet  higher 
than  the  1883  line.  The  levee  system  had 
scarcely  been  raised  to  this  line  when  other 
floods,  culminating  in  those  of  1912  and  1913, 
showed  the  inadequacy  of  tliis  line,  and  a  third 
one  was  established  in  1914  several  feet  higher 
than  the  1898  grade.  In  establishing  the  1914 
grade,  account  was  taken  of  height  that  would 
have  been  attained  by  the  greatest  previous 
flood  and  the  grade  line  was  put  three  feet 
higher  so  as  to  have  tliis  margin  of  safety.  This 
margin  was  intended  to  cover  accidental  varia- 
tions and  future  uncertaiaties.  To  that  time 
every  great  flood  had  overtopped  and  washed 
away  the  levees  in  many  places,  flooding  large 
areas  and  causing  great  loss,  so  that  there  had 
been  no  actual  great  flood  fully  confined  to 
serve  as  an  accurate  standard  of  comparison. 

Limitations  oj  the  Levee  System. —  The  levee 
system  had  been  brought  almost  everywhere 
to  the  standard  1914  grade  line  when  the 
greatest  reliably  recorded  Mississippi  flood 
occurred  in  1927.  The  levees  were  again 
broken  in  many  places  and  the  greater  part  of 
the  whole  valley  was  flooded.  Tliis  led  to  by 
far  the  most  thorough  study  ever  made  of 
maximum  expected  Mississippi  floods  and  their 
control.  It  was  found  that  the  levees  would 
have  needed  to  be  5  to  10  feet  liigher  than  the 
1914  established  grade  to  have  held  the  1927 
flood. 

Congress  adopted  in  May  1928,  a  new 
plan  for  the  control  of  the  Mississippi  floods, 
known  as  the  Jadwin  plan  or  the  Adopted  Plan, 
utilizing  floodways  in  addition  to  still  liigher 
levees  for  controlling  the  flow. 

Features  of  the  Adopted  Plan:  In  addition 
to  higher  and  stronger  levees  on  both  banks 
of  the  Mississippi  River,  the  Adopted  Plan 
provides  for  certain  floodways  running  parallel 
to  the  river,  through  which  a  part  of  unusually 
high  flood  waters  ^\■ilI  flow.  Only  when  the 
flood  is  so  great  that  not  all  ol  the  water  can 
be  carried  safely  between  the  levees  along  the 
main  river  channel,  and  there  is  consequently 
grave  danger  that  the  levees  will  be  overtopped 
and  broken,  will  the  floodwaj's  come  into  use. 


The  three  chief  floodways  are  the  Bird's 
Point-New  Madrid  floodway  running  from 
Cairo,  Illinois,  to  New  Madrid,  Mo.;  the  Boeiif 
floodway  running  from  the  mouth  of  the  Arkan- 
sas River  to  the  moutli  of  the  Red;  and  the 
Atchafahiya  floodway  running  from  the  mouth 
of  the  Red  to  the  Gidf  of  Mexico.  At  the 
upper  end  of  each  floodway  a  levee  below 
standard  grade  separates  the  floodway  from 
the  main  river  clianne'.  Following  each  flood 
involving  floodway  use  the  low  levees  at  their 
entrance  wiU  be  restored.  Because  the  life 
of  these  low-entrance  levees  is  temporarj^  and 
uncertain,  they  are  called  "fuse  plug"  levees. 

On  the  east  side  of  the  Mississippi  River,  the 
main  levee  is  continuous  from  high  ground  near 
Baton  Rouge  to  the  Gulf  of  Mexico,  and  from 
liigh  ground  just  below  Memphis  to  the  mouth 
of  tlie  Yazoo  River  just  above  Vickshurg. 
Since  the  Yazoo  River  is  the  natural  outlet  for 
all  the  run-oft'  from  the  Yazoo  Basin,  it  is  neces- 
sary to  leave  this  opening  in  the  Mississippi's 
levee  through  which  the  Yazoo  can  discbarge 
its  flow  into  the  Mississi])j)i  Kiver.  But  as  a 
result  of  the  existence  of  this  opening,  when  tlie 
Mississippi  is  in  high  flood,  say  10  feet  above 
the  level  of  the  ground  along  its  banks,  its 
water  flows  througli  the  gap  in  the  levee  and  up 
the  Yazoo  River,  overflowing  tlie  low  land 
along  its  low  banks  for  many  miles.  Such 
an  overflowed  area  is  called  a  backwater  area; 
one  exists  at  the  mouth  of  everj^  tributary 
entering  the  Mississippi  along  its  leveed  course. 
The  higher  the  Mississippi  levees,  and  the 
iugher  the  floods  confined  by  them,  the  farther 
the  water  flows  up  the  tributaries,  and  the 
greater  the  backwater  areas  become. 

On  the  west  side  of  the  Mississippi,  the  levee 
is  continuous  along  its  banks  from  near  Cape 
(tirardeau.  Mo.,  to  the  Gulf  of  Mexico  except- 
ing at  the  mouths  of  tributaries  as  follows: 
St.  John's  Bayou  at  New  Madrid;  the  St. 
Francis  above  Helena;  the  Arkansas  and  ^Thite; 
and  the  Red.  Adjacent  to  each  of  these  open- 
ings are,  of  course,  extensive  backwater  areas. 

Existing  Degree  of  Flood  Protertion:  Although 
adopted  as  recently  as  1928,  the  execution  of 
the  Adopted  Plan  is  nearing  completion  at  a 
cost  of  over  $300,000,000,  wliich  covers  botli 
channel  stabihzation  and  control  of  Mississippi 
floods. 

A  recapitulation  of  the  Adopted  Plan's  ex- 
pected results  shows  that  one-third  of  the  whole 
alluvial  vallej'  will  be  consigned  to  frequent 
future  flooding;  less  than  two-tliirds  will  be 
completely  protected  from  Mississippi  floods, 
but  less  than  one-third  is  in  a  highly  de\ 
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and  productive  agricultural  state;  more  than        The  Lower 
one- third  will  be  to  a  large  degree  uncleared,        Mississippi 
undrained,  and  unprotected  from  floods  from 
tributary  streams,   conditions  which  may   be 
ameliorated  in  the  future  through  sufficiently 
large  expenditures. 

Ever  since  the  plan  was  adopted  it  has  been 
urged  that  the  freeboard  of  one  foot  above  the 
estimated  high-water  line  for  maximum  prob- 
able flood  jirovides  too  small  a  factor  of  safetj . 
When  the  river  flows  around  a  bend,  the  water 
level  at  the  outer  bank  is  considerably  higher 
than  at  tlie  inner  bank,  the  difference  sometimes 
amounting  to  one  foot.  A  strong  cross  wind 
can  change  the  relative  water  levels  on  the  two 
sides  of  a  river  by  an  appreciable  amount,  and 
wave  action  also  carries  the  water  up  the  levee 
slope  a  considerable  distance.  Every  time  that 
the  river  changes  its  channel  either  by  making 
a  cutoff",  forming  an  island,  or  other  means  the 
water-surface  levels  are  disturbed  and  changed. 
For  many  years  it  has  been  customary  to  con-  \ 
template  a  freeboard  of  tbree  feet  above  the 
lughest  previous  flood.  The  Adopted  Plan  has 
about  a  three-foot  freeboard  above  the  1927 
flood,  and  the  same  amount  is  now  asked  for 
the  maximum  probable  flood.  Undoubtedly  in 
the  future  the  attempt  will  be  made  to  secure 
even  greater  freeboard  than  that  now  afforded. 
Cost  of  Increased  Freeboard:  Additional  free- 
board can  be  obtained  either  by  raising  the 
levees  to  a  greater  height,  or  by  using  reser- 
voirs to  lower  the  flood  peaks.  The  levee  sys- 
tem is  about  1,825  miles  long  and  the  average 
height  is  about  21  feet.  To  raise  the  levees 
one  foot  will  reqube  40,000  cubic  yards  of  earth 
per  mile  or  over  70,000,000  cubic  yards  for  the 
whole  system.  At  50  cents  per  cubic  yard  the 
total  cost  would  be  about  $35,000,000.  If  the 
same  result  is  to  be  obtained  by  constructing 
reservoirs,  the  same  reservoirs  will  also  be  of 
great  value  for  local  flood  protection,  for 
assisting  land  reclamation,  for  producing  water 
power,  and  for  low-water  control.  The  most 
favorable  system  of  reservoirs  for  combined 
purpose  use  has  not  yet  been  worked  out,  so 
it  is  impossible  to  state  what  the  total  expense 
for  obtaining  an  additional  foot  of  freeboard  by 
this  method  will  be. 

Reservoirs  Instead  of  Floodivays:  Ever  since 
the  Adopted  Plan  became  law  in  1928,  the  Loui- 
siana Board  of  State  Engineers  has  urged  in 
each  pubhshed  biennial  report  that  the  Adopted 
Plan  be  amended  by  including  the  construction 
on  the  tributaries  of  the  Mississippi  River  of  a 
sufficient  number  of  reservoirs  to  eliminate  the 
necessity  for  the  use  of  the  Boeuf  floodway  in        209 


The  Lower  taking  care  of  future  floods.  In  addition  to  the 
Mississippi  great  value  of  eliminating  the  expensive  Boeuf 
Region  (Joodway,  the  reduction  of  flood  peak  flow  by 
this  method  would  reduce  the  area  and  amount 
of  flooding  in  other  floodways,  and  also  would 
tend  to  reduce  the  area  submerged  by  floods 
in  backwater  sections.  Such  reservoirs  of 
course  would  also  have  the  customary  value  for 
other  purposes  of  any  multiple-use  reservoirs. 

The  Army  Engineers  have  been  studying 
since  1927,  the  question  of  flood  control  as 
affected  by  a  system  of  reservoirs  but  have  not 
yet  issued  their  final  report  on  the  subject. 

Undoubtedly  some  reservoirs  will  ultimately 
be  built  for  other  purposes.  As  such  construc- 
tion proceeds  it  will  have  a  progressively  in- 
creasing influence  on  Mississippi  River  floods 
and  on  floodways,  reducing  the  frequency  of 
their  use,  reducing  the  ma.ximum  flow  through 
them,  and  thus  reducing  their  needed  depth 
and  width. 

As  headwater  reservoirs  are  progressively 
built,  flood  crests  wifl  be  reduced  in  height,  and 
the  backwater  areas  will  be  correspondingly 
decreased  in  size.  A  lowering  of  the  maximum 
flood  crest  by  one  foot  wifl  remove  225,000 
acres  from  the  backwater  areas,  and  add  them 
to  the  class  of  lands  protected  from  all  floods. 
The  cost  of  the  existing  main  levees  along  the 
Mississippi  is  about  $300,000,000.  Probably 
12,000,000  acres  at  present  are  completely 
protected  from  all  overflow.  This  gives  an 
average  cost  for  the  main  levees  of  $25  per  acre 
of  completely  pro  tected  land .  Using  this  figure 
•  as  the  value  of  protecting  additional  land  in 
the  overflow  areas,  we  obtain  nearly  $5,500,000 
as  the  value,  for  this  purpose,  of  lowering  maxi- 
mum flood  crests  by  one  foot. 

Fuse  Plug  Levees:  Wlien  the  river  overtops  a 
levee,  the  water  rusliing  down  the  land  side  of 
the  levee  rapidly  washes  it  away  and  destroys 
it,  thus  producing  the  dreaded  crevasse.  In 
addition  to  destroying  the  levee  the  falling 
water  commonly  washes  a  great  hole  in  the 
ground  which  may  be  as  much  as  60  feet  deep 
and  extend  back  from  the  levee  a  quarter  mile 
or  more.  The  excavated  material  is  spread 
over  the  surrounding  fields  to  a  depth  of  several 
feet,  damaging  the  land  for  a  considerable 
distance.  When  the  levee  is  repaired,  it  is 
necessary  to  carry  it  either  in  a  new  and 
lengthened  location  around  the  "blue  hole" 
or  across  it  after  filling  it  up.  Either  process  is 
very  expensive. 

The  fuse  plug  levees  at  the  upper  ends  of  the 

Boeuf  and  Atchafalaya  floodways  are  some  30 
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crcvassed  is  left  to  chance.  Likewise  the  width 
and  depth  of  the  ci-evasse  is  left  without  any 
human  control.  Becaiise  it  is  impracticable 
to  repair  a  crevasse  until  the  flood  has  subsided 
below  the  top  of  the  river  banks,  the  discharge 
into  the  floodwny  will  continue  over  a  much 
longer  period  than  is  necessary  for  flood  control. 

A  consideration  of  the  cost  of  repairing  ere-  : 
vasses,  as  well  as  the  otlier  objections  to  fuse- 
plug  spillways  explained  aliove,  indicates  that 
fuse  i)lug  levees  should  be  replaced  by  concrete 
spillways,  which  would  limit  the  flow  into  the 
floodways  both  in  quantity  and  time,  and  would 
not  require  repair  or  rebuilding  after  every 
flood.  The  extra  cost  of  concrete  spillways 
may  not  be  the  controlling  factor. 
IV.  Project  Areas 

The  Yazoo  Basin:  Of  the  6,600  square  miles 
in  the  Delta  parts  of  Yazoo  Basin,  nearly  one- 
third  is  now  subject  to  headwater  flooding, 
notwithstanding  the  fact  that  the  Mississippi 
overflows  have  been  ehminated.  The  present 
hazardous  situation  of  these  lands  prevents  their 
full  development  for  agricultural  purposes. 
By  reason  of  existing  unsatisfactory  conditions, 
clearing,  drainage,  and  settlement  have  been 
only  partly  completed. 

The  cost  of  the  existing  Mississippi  levees 
along  the  Yazoo  Basin  is  about  $75,000,000. 
Deducting  the  backwater  area,  1,700  square 
miles,  from  the  whole  Yazoo  allu\'ial  basin  of 
6,600  square  miles,  leaves  4,900  square  miles 
which  has  received  some  degree  of  benefit  from 
the  construction  of  the  levees.  The  average 
cost  is  $24  per  acre.  But  less  than  half  of  the 
allu\'ial  basin  is  at  present  actuall}'  protected 
from  all  flooding.  Using  half,  however,  for  the 
purpose  of  computation,  or  3,300  square  miles 
as  the  amoimt  completely  protected,  gives  an 
average  value  of  $35  as  the  cost  of  the  present 
Mississippi  levee  per  acre  of  completely  pro- 
tected land. 

A  considerable  portion  of  the  unprotected 
area  has  been  formed  into  independent  drain- 
age districts,  which  have  attempted  to  obtain 
flood  protection  and  drainage,  but  in  many 
cases  their  efforts  have  been  conspicuously 
unsuccessful.  In  some  places  where  levees 
have  been  built  on  both  sides  of  a  stream  by 
separate  districts,  in  times  of  dangerous  floods 
people  residing  on  one  side  of  the  river  have 
djmamited  the  levees  on  the  other  side  in  order 
to  release  the  pent-up  water  and  thus  relieve 
the  danger  to  their  own  property.  This  has 
led  to  a  state  approaching  armed  warfare,  and 
serves  to  emphasize  again  the  necessity  for 
coordinated  planning. 


The  lands  still  subject  to  headwater  flooding 
are  chiefly  in  a  strip  about  100  miles  in  length, 
lying  along  the  eastern  margin  of  the  Yazoo 
alluvial  basin.  The  flooding  problem  arises 
chiefly  from  the  torrential  run-ofl'  emptied  into 
the  area  by  a  series  of  rivers  draining  the  hill 
country  still  farther  to  the  east.  These  rivers 
finally  unite  to  fonn  the  Yazoo  River.  The 
chief  streams,  named  in  order  beginning  at  the 
northern,  or  upper  end  of  the  basin,  are  the 
Coldwater,  Little  Tallahatchie,  Yocona, 
Skuna,  and  Yalobusha  Rivers. 

This  partially  undeveloped  strip  lies  ad- 
jacent to  the  most  valuable  and  prosperous 
part  of  the  Yazoo  delta  and  is  readily  accessible 
both  by  highway  and  railroad.  The  reasons 
why  this  area  has  never  been  successfully 
exploited  under  state  agencies  using  the  meth- 
ods customary  in  that  region  seem  to  be  — 

(a)  The  technical  questions  involved  arc 
unusually  difficult  and  comphcated. 

(6)  The  affected  area  is  so  large  that  the 
customary  procedure  under  the  state  draiaage 
laws  become  more  than  ordinaiily  difficult. 

(c)  The  areas  affected  bv  the  different  rivers 
overlap  in  such  a  way  as  to  present  many  con- 
flicting interests,  and  thus  it  is  rendered  un- 
usually difficult  for  the  different  communities 
to  agree  upon  a  plan  of  procedure. 

(r/)  The  magnitude  of  the  unusupl  difficulties 
and  the  cost  of  overcoming  them  has  reduced 
the  prospective  profits  to  the  private  land 
owners  to  such  a  point  that  it  has  been  impos- 
sible to  persuade  all  the  landowners  to  join  in 
the  cooperative  undertaking. 

In  the  organization  of  drainage  districts  and 
the  construction  of  drainage  works  in  the  past 
it  has  been  customary  to  consider  the  matter  a 
strictly  engineering  question,  and  the  projects 
have  thus  been  planned  and  constructed  with- 
out much  reference  to  the  subsequent  problems 
of  clearing,  reclamation,  settlement,  commu- 
nity organization,  and  finance.  This  old 
method  has  neai'ly  broken  down  in  the  face  of 
increasing  difficulties  and  complexities.  The 
time  is  ripe  to  initiate  a  new,  more  comprehen- 
sive and  enhghtened  system  of  land  reclama- 
tion and  community  planning  designed  to 
secure  ultimately  to  the  settlers  an  improved 
standard  of  Uving.  This  area  seems  to  be  an 
ideal  location  for  such  an  attempt. 

Although  it  is  located  in  the  heart  of  the 
cotton  belt,  authorities  v\-ill  agree  that  to  secure 
the  most  stable  and  prosperous  development 
there  should  be  established  a  more  diversified 


type  of  farming  than  hitherto  used,  including  The  Lower 
much  more  raising  of  livestock  and  the  various  Mississippi 
kinds  of  fruit  and  garden  truck.  ^^""^ 

The  location  is  such  that  if  properly  planned 
in  advance,  the  complete  reclamation  can  be 
i'arried  out  progressively  in  a  series  of  inde- 
pendent steps  or  units  spread  over  as  long  a 
period  as  may  be  desired,  say  20  years  or  more. 
If  not  completely  and  properly  planned  there 
will  certainly  be  great  losses  in  economy  and 
efficiency,  and  possibly  such  errors  in  arrange- 
ment as  will  make  ijnpossible  any  ultimate 
complete  development. 

The  data  at  hand  indicate  that  for  the  ulti- 
mate complete  development  there  will  be 
needed  the  construction  of  7  flood-control 
reservoirs  with  additional  ditch  and  levee 
work.  The  cost  of  the  complete  engineering 
construction  work  will  be  about  $50,000,000. 
To  cover  the  clearing  of  the  land  and  the  im- 
provements needed  to  make  it  ready  for  crop- 
ping will  require  perhaps  an  additional  equal 
sum.  Of  course  this  total  smn  may  be  spread 
over  as  long  a  time  in  the  future  as  may  be 
desired.  The  proposed  reservoirs  might  also 
have  an  appreciable  flood  control  effect  on  the 
lower  Mississippi. 

The  first  step  in  tliis  project  should  be  the 
carrying  out  of  the  needed  field  investigations 
and  the  preparation  of  working  plans.  The 
investigations  should  include  study  of  the  soils 
throughout  the  area,  determination  of  the  hesfr 
systems  of  cropping  and  farm  management, 
and  a  thorough  consideration  of  the  best  means 
for  developing  the  highest  and  most  desirable 
type  of  community  and  social  life.  The  engi- 
neering studies  should  embrace  the  determina- 
tion of  the  best  arrangement  of  reservoirs  and 
their  capacities,  the  location  and  sizes  of  outlet 
drainage  ditches,  necessary  floodways,  ann 
river  channel  improvements,  and  methods  and 
progress  schedules  for  land  clearing  and  high- 
way improvement. 

Since  the  prelimuiary  mvestigations  and 
preparation  of  worldng  plans  will  be  so  compli- 
cated and  comprehensive,  it  seems  most  appro- 
priate that  the  planning  be  considered  a  Federal 
task.  It  ought  to  be  begun  at  the  earliest 
practicable  date  so  that  the  execution  of  the 
project  can  begin  as  soon  as  possible.  The 
completed  plan  should  not  only  cover  all  the 
engineering  and  econojnic  features  of  the  proj- 
ect, but  should  also  provide  for  the  administra- 
tion of  a  land-settlement  program  incbiding  the 
qualification  of  settlers,  financmg  the  purchase        211 
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of  land  from  private  or  public  agencies,  financ- 
ing the  construction  of  dwellings  and  the 
purchase  of  equipment,  and  aid  in  developing 
an  appropriate  type  of  fanning. 

The  conunittee  recommends  that  this  study 
and  plannmg  be  begun  at  once. 

The  St.  Francis  Basin:  In  the  eastern  foot- 
hills of  the  Ozark  Mountains  in  Missouri  the 
St.  Francis  River  rises,  then  enters  the  alluvial 
valley  on  its  northern  edge,  and  pursues  a 
meandering  course  through  the  valley  for  310 
miles  before  joining  the  Mississippi  near 
Helena,  Arkansas.  A  part  of  the  Delta  area 
tributary  to  the  St.  Francis  is  in  a  highly 
developed  state,  but  torrential  floods  in  the 
river  debouch  from  the  foot  hill  region  onto  the 
valley  floor  and  make  difficidt  the  protection 
and  drainage  of  much  of  the  land.  Levees 
along  the  stream  in  various  places  have  been 
overtopped  and  destroyed  many  times,  render- 
ing the  efforts  at  land  reclamation  in  these 
places  almost  futile.  It  is  evident  that  control 
of  floods  in  the  upper  course  of  the  river  by 
building  one  or  more  reservoirs  in  the  foothill 
section  will  greatly  simplify  the  problem  of 
land  reclamation  throughout  the  Delta  section. 
Obviously,  utilization  of  the  drainage  area 
should  be  studied  and  planned  as  a  whole  and 
not  in  isolated  parts  as  has  been  done  in  the 


past.  Information  already  at  hand  indicates 
that  if  the  whole  river  is  treated  as  a  unit, 
feasible  and  economical  plans  for  its  control 
and  profitable  development  can  be  worked  out. 
The  problems  are  very  similar  to  those  in  the 
Yazoo  Basin. 

It  is  recommended  that  the  intensive  study 
and  planning  of  the  St.  Francis  Basin  be  initiated 
at  an  early  date. 

The  Black  River  Basin:  The  Black  River 
rises  in  the  Ozarks,  enters  the  alluvial  valley 
near  Poplar  Bluff,  Missouri,  and  flows  in  a 
meandering  course  parallel  to  and  just  west 
of  the  St.  Francis,  for  a  length  of  210  miles, 
until  it  joins  the  White  River  above  Newport, 
Arkansas.  Numerous  detached  areas  within  the 
alluvial  area  have  been  successfully  reclaimed, 
but  many  others  have  had  but  indifferent 
success.  The  problems  closely  paraflel  those 
on  the  other  streams  subject  to  headwater 
flooding.  A  number  of  favorable  appearing 
reservoir  sites  exist  on  the  headwaters  of  the 
Black  and  its  tributaries;  and  the  use  of  reser- 
voirs to  assist  in  land  reclamation  in  the  alluvial 
section  is  plainly  indicated. 

The  committee  recommends  tlie  same  unified 
study  and  planning  for  this  basin  that  was 
discussed  in  detail  for  the  others. 
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THE  INTERRELATION  OF  INTERESTS: 
LOCAL,     STATE.     REGIONAL,     FEDERAL 


Water  lias  no  rospoct  foi-  political  huiindary 
lilies  or  for  the  dignity  of  States,  as  school 
chiidrpn  have  learned  since  the  day  of  King 
Canute.  Yet  Hood,  dronglit,  and  stonii  may 
sojiietinies  be  conquered,  when  the  people  are 
able  to  go  into  battle  with  adequate  engineering 
plans  and  with  organization  suited  to  vigorous 
war  on  the  forces  of  nature.  The  American 
people  have  established  a  partial  control  over 
their  streams  and  other  natural  resources,  and 
now  in  order  to  keep  what  they  have  won  they 
are  obliged  to  extend  their  control  and  to 
develop  whatever  pubHc  agencies  they  may 
require  for  that  purpose. 

With  the  growth  of  population,  and  with  the 
ilenuvnd  for  services  that  can  be  performed  only 
by  united  endeavor,  the  functions  of  govern- 
ment have  necessarily  expanded.  Wlien  a 
locality  becomes  too  thickly  populated  for  the 
continued  use  of  individual  wells,  the  local 
government  is  called  upon  to  supply  city  water 
and  city  sewers.  Public  authorities  are  estab- 
lished not  only  to  build  schools  and  roads  but 
ilso  to  provide  for  flood  protection,  irrigation, 
and  drainage.  Problems  of  development  and 
of  cojumon  protection  arise  that  cut  across 
existing  boundaries,  and  new  governmental 
agencies  have  to  be  created  to  serve  as  instru- 
ments for  handling  these  regional  needs.  The 
control  of  water  resources  is  peculiarly  liable 
to  require  new  district  or  regional  organiza- 
tions, because  the  local  and  State  boundaries  do 
not  ordinarily  coincide  with  drainage  basins  or 
climatic  areas.  Nature  provides  the  problem 
in  a  geographical  shape  that  requires  a  corre- 
sponding area  of  public  action  for  its  solution. 
Value  of  Local  Governments 

In  the  initiation  and  management  of  public 
jirojects  for  control  of  water  and  other  natural 
resources,  the  traditional  function  of  local  and 
.State  activity  is  of  permanent  value  in  a  social 
oi'der  of  the  American  type.  Conditions  change 
so  rapidly  that  continuous  and  concurrent 
experimentation  is  a  necessity.  Moreover  the 
advantages  of  local  knowledge,  and  of  local 
interest  and  responsibility  for  the  success  of  a 
project,  require  the  full  utilization  of  local  and 
state  governmental  machinery.  On  the  other 
hand,  there  are  many  township  and  county 
governments,  in  various  parts  of  the  United 
216        States,  that  liave  ceased  to  fill  any  useful  place 


in  the  public  service.  Even  the  new  districts 
which  are  continually  being  created  for  special 
purposes  may  in  certain  cases  become  useless 
because  of  new  developments  and  changing 
conditions.  The  public  interest  will  be  best 
served  if  while  new  governmental  imits  are  being 
formed,  the  old  ones  that  are  no  longer  useful 
should  be  liquidated.  At  the  same  time,  when 
new  duties  that  arise  can  be  taken  over  by 
existing  governments  through  agreements  or 
compacts  among  themselves,  the  effect  may  be 
to  vitalize  the  old  governmental  units  as  well 
as  to  avoid  the  need  for  new  ones.  The  neces- 
sity of  obtaining  effective  action,  on  the  one 
hand,  and  the  need  for  preserving  the  ad- 
vantages of  local  initiative  and  responsibility, 
on  the  other,  define  the  field  within  which  the 
organization  of  public  attack  on  water  control 
and  similar  problems  can  be  carried  on. 
Regional  Organization 

The  technique  of  organizing  for  public  work 
is  already  well  developed.  Our  present  insti- 
tutions are  being  readily  adapted  or  extended  to 
carry  the  functions  that  arise.  Where  the 
pliysical  problem  to  be  attacked  transcends 
e.xisting  political  boundaries,  several  types  of 
regional  organization  have  been  used.  Of  these 
the  most  informal  is  the  conference,  sucli  as  the 
New  England  Council  or  the  Oliio  River 
Interstate  Council  of  Health  Commissioners, 
having  in  its  earlier  stages  no  authority  other 
than  to  make  recommendations  to  the  several 
states  concerned.  The  Ohio  River  Board,  for 
example,  is  reported  to  have  cleared  up  many 
cases  of  stream  pollution  that  might  otherwise 
have  led  to  litigation. 

Next  in  order  is  the  Autliority  or  ocher 
form  of  publicly  owned  corporation,  of  which 
the  Port  Authority  of  New  York  is  an  example. 
The  Authority  has  power  to  carry  on  various 
operations  that  cut  across  political  boundaries ; 
it  can  levy  fees  for  the  use  of  its  facihties,  but 
not  taxes. 

The  intrastate  Conservancy  District  is  a  type 
of  the  regional  entity  having  definite  boundaries 
and  the  power  to  tax,  and  created  specifically 
for  the  performance  of  a  definite  pubhc  function 
such  as  education  or  water  control. 

Between  the  States,  the  Federal  constitution 
permits  the  establishment  of  Compacts,  or 
treaties  with  the  approval  of  the  Congress, 
whereby  the  relations  between  state  functions 
in  a  region  are  defined,  and  suitable  autliorities 
are  set  up  for  the  performance  of  the  actions 
authorized  in  tlie  treaty. 

Regional  Authorities  may  also  be  set  up  by 
the  Federal  Government  for  controlling  rivers 


that  cover  a  number  of  states.    The  Tennessee 
Valley  Authority  is  of  this  type. 
Initiation  of  Projects 

The  origin  of  projects  for  protection  or 
development  maj'  be  local  or  Federal.  ^Mien 
a  demand  arises  locally  for  action  that  cannot 
be  carried  out  by  any  one  local  government,  the 
Federal  Government  can  be  of  assistance  in 
providing  information  as  to  the  physical  factors 
of  the  problem.  The  Government  at  Wasliing- 
ton  should  stand  ready  to  make  investigations 
of  broad  scope  of  interstate  projects,  when 
requested  by  the  States,  in  order  to  supply  com- 
plete and  impartial  factual  data  as  a  basis  for 
State  agreements. 

In  addition,  as  the  Federal  Admmistration 
may  become  aware  of  conditions  that  suggest 
the  desirability  of  interstate  action,  it  should 
be  expected  to  investigate  such  conditions  and 
to  call  attention  to  the  opportunities  for  pro- 
tection of  development  that  may  be  disclosed. 

As  the  organization  of  a  project  goes  forward 
the  planning  of  actual  operations  should  be 
done  by  the  various  governmental  authorities 
involved.  (The  relation  of  local,  state,  and 
national  authorities  to  the  general  problem  of 
planning  is  treated  in  the  following  discussion 
of  planning.)  In  addition  to  the  physical  and 
operational  plans,  there  shall  be  established  a 
definite  understanding  among  the  governments 
concerned,  as  to  those  responsible  for  the  vari- 
ous parts  of  the  operation,  and  those  who  are 
to  pay  the  costs. 
Measurement  of  Benefits 

Most  projects  having  to  do  with  water  are  of 
direct  benefit  to  individual  and  business  inter- 
ests in  a  particular  locality,  and  the  tangible 
direct  benefits  may  often  be  estimated  vdth  a 
fair  degree  of  accuracy  in  terms  of  dollars  and 
cents.  Estimates  of  tangible  benefit  are  useful 
not  only  as  a  basis  for  assessments  but  also  as 
a  guide  for  general  plaiming.  Tangible  benefit 
is  at  least  a  definite  visible  measure  of  value, 
and  in  the  absence  of  secondary  factors  of  an 
unfavorable  nature,  it  may  well  be  used  in 
establishing  priority  of  one  project  over  an- 
other of  the  same  type.  A  secondary  advan- 
tage of  giving  preference  to  projects  showing 
tangible  benefits  lies  in  the  fact  that  such  proj- 
ects are  most  Ukely  to  command  popular 
approval. 

On  the  other  hand,  the  extent  to  which  the 
nation  as  a  whole  is  interested  in  a  particular 
project  cannot  generally  be  measured  with  any 
accuracy;  yet  a  national  interest  may  exist  in 
many  different  ways.  Flood  control,  for  ex- 
ample, while  it  may  be  primarily  beneficial  to 


the  residents  of  the  protected  district,  may  also 
affect  favorably  the  Federal  tax  revenue,  the 
volume  of  interstate  commerce,  the  security  of 
military  suppUes,  the  burden  of  emergency 
refief,  and  many  other  responsibilities  that  in 
law  or  custom  rest  on  the  nation  as  a  whole. 
On  the  other  hand,  local  construction  for  flood 
prevention  may  increase  the  hazards  of  other 
localities,  and  may  even  aggravate  rather  than 
improve  the  general  flood  situation.  Similar 
relations  may  appear  in  the  case  of  reclamation 
projects.  On  the  one  liand,  the  national 
wealth  may  be  increased  by  the  produce  of 
reclaimed  lands,  or  on  the  other  hand  there  may 
be  in  some  cases  a  dislocation  of  markets  that 
will  occasion  losses  of  national  income.  There 
are  also  cases,  such  as  those  involving  stream 
poUution,  where  the  tangible  benefits  accrue 
generally  to  people  who  cannot  be  assessed  by 
the  district  in  which  the  improvement  ought  to 
be  made.  There  the  Federal  Government  is 
interested  in  facifitating  action  for  the  national 
welfare,  and  may  be  called  upon  to  assist  in 
the  adjustment  of  unequal  burdens  through 
subventions  chargeable  to  the  national  budget. 
Federal  Responsibility 

The  Federal  Government,  as  agent  for  the 
whole  American  nation,  is  in  practice  held 
responsible  for  the  preservation  ot  a  tolerable 
level  of  national  welfare.  Whenever  the  people 
are  irritated  or  injured  by  events  that  originate 
outside  their  own  community  or  that  arise  from 
obscure  causes,  they  are  naturally  inclined  to 
blame  the  Federal  Government.  With  the 
growth  of  the  country  the  responsibilities  thrust 
upon  the  central  government  tend  to  increase. 
The  number  of  people  who  are  settled  where 
they  are  subject  to  floods,  water  pollution,  or 
other  physical  damage  originating  bejond  their 
own  neighborhood  is  continualh'  growing.  In 
a  similar  sense,  with  the  growth  of  interstate 
and  interregional  commerce,  the  several  parts  of 
the  country-  are  coming  more  and  more  to  de- 
pend for  their  prosperity  on  the  prosperity  of 
their  customers  in  every  other  part  of  the  United 
States.  When  a  locality  finds  its  commercial 
income  diminishing,  the  cause  of  its  trouble 
maj-  be  remote  and  obscure,  and  no  otlier 
agency  than  the  national  government  appears 
to  the  citizen  to  be  large  enough  to  find  and 
correct  the  difficulty.  Moreover,  in  any  free 
system  where  business  planning  is  done  by 
many  different  private  interests,  there  appear 
spontaneous  dislocations.  Certain  areas  devel- 
op an  unfavorable  trade  balance,  which,  if 
aUowed  to  persist,  leads  to  a  stagnation  of 
national   trade  in  general.     The  relative  dis- 
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tribution  of  income  among  individual  citizens 
may  take  a  form  that  fails  to  provide  adequate 
markets  for  productive  industry.  In  other 
cases  technological  developments  nui,_y  destroy 
certain  industries,  creating  dislocations  beyond 
the  capacity  of  local  resources  to  adjust. 
Maladjustments  of  these  types  can  be  reduced 
to  tolerable  dimensions  only  by  a  central 
government  that  has  power  to  levy  general 
taxes  and  to  spend  money  at  those  points  of  the 
economic  system  which  show  signs  of  break- 
down. With  the  growing  size  and  complexity 
of  the  country,  the  citizen  is  faced  \\-ith  an 
increasing  number  of  problems,  both  of  physical 
and  of  economic  adjustment,  that  are  so  wide- 
spread or  so  obscure  and  complicated  in  their 
nature,  that  he  is  led  to  look  more  and  more  to 
the  central  government  to  act  as  his  agent  in 
finding  and  applying  a  solution. 

Under  these  circumstances,  the  demands 
upon  Government — local,  state,  regional,  and 
national — are  continually  shifting  as  new 
opportunities  for  beneficial  action  appear,  or  as 
new  dangers  from  pests,  from  flood  and  storm, 
or  from  economic  dislocation,  call  for  measures 
of  common  defense.  The  necessity  for  a  high 
degree  of  flexibility  in  the  fimctions  and  rela- 
tionships of  the  various  levels  of  Government 
is  enforced  by  the  demand  of  the  people  tlipt  by 
one  means  or  another  acceptable  conditions 
must  be  maintained.  There  are,  therefore, 
definite  hmitations  to  the  usefulness  of  the 
positive  criteria  of  tangible  benefit,  as  guides 
for  the  determination  of  relative  rcsponsibihty 
in  promoting  and  financing  public  measures  of 
development  or  defense.  For  one  thing,  a 
project  showing  a  liigh  tangible  benefit  to  one 
area  may  involve  serious  damage  elsewhere. 
The  criterion  of  tangible  benefit  should  not  be 
held  so  that  it  will  force  anj'  action  the  results 
of  which  on  the  whole  will  not  be  beneficial. 
Certain  drainage  projects  have  not  met  this 
test.  If  projects  are  without  exception  ex- 
cluded unless  they  show  some  stated  margin  of 
tangible  benefit,  the  total  activity  may  be  so 
restricted  as  to  \atiate  the  purpose  of  a  national 
program.  Although,  as  is  evident  in  the  earlier 
part  of  this  report,  the  principle  of  local  con- 
tribution in  accordance  with  tangible  benefits 
should  be  emphasized,  it  nevertheless  is  clear 
that,  if  preplanned  public  works  in  times  of 
depression  are  unduly  restricted  by  the  finan- 
cial incapacity  of  the  local  beneficiaries  to  bear 
their  normal  share  of  the  expense,  the  contin- 
uing loss  of  national  income  may  become  an 
urgent  consideration. 


In  view  of  the  complex  network  of  intangible 
benefits  connected  with  most  pubhc  improve- 
ments, a  precise  allocation  of  responsibility 
and  costs  is  not  in  all  cases  ascertainable.  The 
immediate  tangible  benefits,  therefore,  while 
they  are  indispensable  as  an  instrument  of 
planning  and  administration,  should  not  be 
allowed  to  create  an  insuperable  obstacle  to 
action.  The  ideal  allotment  of  costs  would 
be  that  which  would  produce  the  best  total 
economic  effect  within  the  limits  of  pubhc 
support  and  of  administrative  practicality,  with 
due  regard  for  all  equitable  considerations. 
Public  Approval 

The  administration  of  public  improvements, 
in  order  to  be  successful,  must  be  so  arranged 
as  to  win  and  retain  the  approval  of  the  public. 
The  people  are  the  "owners",  and  without 
their  consent  no  program  can  be  long  main- 
tained. As  owners  the  people  can  require  the 
government  to  do,  or  to  attempt,  anything 
that  they  want  done.  The  government  has, 
therefore,  the  practical  duty  of  estimating 
correctly  what  will  be  best  for  the  public 
welfare  in  the  long  run,  and  of  bringing  all  the 
relevant  facts  to  the  attention  of  the  people. 
The  relation  between  spontaneous  local  activity 
and  Federal  guidance  needs  to  be  adjusted 
constantly  to  the  necessity  of  retaining  popular 
support  on  the  one  hand  and  on  the  other  oi 
obtaining  as  favorable  a  result  as  possible  in 
the  long  view. 

The  national  interest  in  local  improvements 
need  not  always  require  the  prosecution  of 
every  particular  project  in  a  given  class  of  work. 
The  nation  is  interested  in  the  total  amount  of 
pubhc  health,  soil  conservation,  or  flood  control, 
rather  than  in  obtaining  one  hundred  percent 
of  nominal  coUaboration  with  a  rigid  plan. 
Where  a  particular  locahty  is  unprepared  to 
go  along  with  the  jreneral  program,  it  may  often 
be  left  out  without  serious  injury  to  the  country 
at  large,  provided  the  general  rate  of  national 
progress  is  lavorable.  In  such  cases  the 
effect  of  time,  example,  and  discomfort,  is 
often  the  most  practical  and  efl'ective  way  to 
ultimate  collaboration. 

The  difference  betw  een  what  is  necessary  and 
what  is  desirable  should  be  kept  clear  in  the 
pubhc  mind  as  general  plans  of  admhiistration 
are  formed.  \^Tien  sudden  disaster  threatens 
death  to  human  beings  or  the  destruction  of 
basic  resources  such  as  the  soil,  the  people  are 
faced  with  inexorable  forces  that  must  be  met. 
Then  aU  grades  of  Government  must  use  every 
available  means  to  arouse  the  people  and   to 


organize  for  imniediate  action  against  the  com- 
mon danger,  and  large  assumptions  of  central- 
ized power  are  quickly  validated  by  popular 
approval.  Wlien,  however,  cpiick  action  is  not 
imperative,  or  when  the  proposed  action  is  a 
benefit  rather  than  a  defence  against  danger, 
the  approach  should  be  through  education  of 
the  popular  will  imtil  sentiment  is  built  up  to 
tlie  point  wliere  action  can  be  taken.  Tlie 
relative  degrees  of  immediate  Federal  responsi- 
bility and  of  justifiable  reliance  on  local  initia- 
tive are  thus  affected  by  the  seriousness  and 
immediacy  of  the  need  for  large-scale  and 
united  action. 

Federal  leadership  in  fields  where  emergency 
is  not  apparent  may  be  exercised  in  several 
ways:  by  conference,  dessemination  of  technical 
information,  by  making  surveys  and  pouiting 
out  the  recjuirements  of  balanced  national  de- 
velopment, by  acting  as  referee  and  adviser 
for  parties  who  wish  to  reach  a  working  agree- 
ment, and  by  using  grants-in-aid  to  provide  or 
encourage  the  construction  of  model  examples. 
By  such  means  the  public  may  be  led  to  appre- 
ciate various  necessaiy  or  desirable  types  of 
action  that  will  later  become  either  local, 
regional,  or  Federal  functions. 
Limitations  of  Planning 

In  seeking  popular  approval  for  any  program 
Go\ernment  should  obviously  avoid  the  as- 
sumption of  undertakings  which  in  the  nature 
of  tilings  result  eventually  in  waste  and  ineffec- 
tiveness. There  are,  for  example,  in  any  sys- 
tem painful  but  necessary  happenings  such  as 
the  death  or  failure  of  once  hopeful  organiza- 
tions. Regions  and  cities,  as  well  as  industries, 
grow  and  then  sometimes  decay  and  become  no 
longer  able  to  support  a  population.  Free  in- 
itiative, with  all  its  manifest  advantages,  in- 
volves by  necessity  the  freedom  to  fail  and  to 
disappear  from  the  scene.  The  inhabitants  of 
a  declining  region  may  look  to  the  Federal 
Government  to  restore  to  them  a  prosperity 
that  has  in  hard  fact  been  killed  by  changes  for 
which  there  is  no  remedy.  In  the  researches  of 
any  central  planning  board  there  will  appear 
occasional  painful  facts  such  as  these.  Yet,  if 
elaborate  public  works  are  thrown  into  a  dying 
area  as  a  means  of  relief,  they  will  soon  stand 
as  a  monument  of  folly  and  extravagance,  and 
the  power  of  government  to  carry  on  work 
where  it  is  really  useful  may  be  placed  in 
jeopardy. 

In  the  face  of  painful  changes  lor  which  there 
is  no  known  remedy,  government,  if  it  is  to 
retain  the  confidence  of  the  people,  will  need 
to   protect  itself  by   limiting  the  extent   and 


definiteness  of  its  plans,  so  as  to  leave  room 
for  contingencies.  By  no  means  should  it 
take  responsibility  for  protecting  all  local  values, 
for  preserving  all  local  institutions  once  estab- 
lished, or  for  preventing  the  bankruptcy  of  all 
private  or  public  enterprises.  The  law  of  na- 
ture requires  that  free  initiative  have  a  reason- 
ably free  death  rate,  and  a  Government  that 
permits  free  enterprise  with  one  hand  and  guar- 
antees universal  success  with  the  other,  will 
soon  be  replaced. 

In  order  to  establish  a  useful  degree  ol  Federal 
planning  and  leadership  without  loading  the 
central  government  with  undue  responsibility 
for  inexorable  fate,  several  factors  are  needed. 
Policies  leading  to  decentralization  of  industry 
and  local  self-sufficiency  are  \*ital,  as  means  of 
providing  a  cusliion  of  free  activity  and  eco- 
nomic opportunity  for  the  details  of  which  the 
Federal  Government  need  not  be  responsible. 
Policies  for  establisliing  and  maintaining  a  liigh 
state  of  business  activity  and  a  well-distributed 
national  income,  vital  for  general  reasons,  are 
desirable  in  this  connection  as  means  of  reduc- 
ing the  impact  of  local  failures.  Those  who 
suffer  can  then  more  easilj'  find  new  sources  of 
income,  and  thus  relieve  the  pressure  for  Federal 
intervention.  Above  all,  the  Federal  Govern- 
ment, in  its  recommendations  and  plans,  will 
need  to  make  clear  to  the  people  that  its  func- 
tion is  not  to  take  over  the  direction  and  re- 
sponsibility for  indi%adual  enterprises,  but  to 
provide  those  phj'sical  and  economic  adjust- 
ments that  will  lead  to  a  generally  favorable 
environment  in  which  local  enterprises  may 
operate. 
Summary 

The  increasing  complexity  of  the  national  hfe 
lays  upon  governments,  local,  State,  and 
Federal,  a  growing  and  constantly  shifting 
burden  of  new  duties,  in  the  way  of  providing 
opportunities  for  utilization  of  water  and  other 
resources,  and  of  protecting  the  people  against 
natural  or  economic  disasters.  Local  govern- 
ments, existing  or  created  ad  hoc,  are  called 
upon  to  initiate  projects  that  will  produce 
tangible  local  benefits;  at  the  same  time  th( 
nation  as  a  whole  has  many  direct  and  indireci 
interests  in  the  coordination  and  successful 
prosecution  of  pubhc  works.  The  Federal 
Government  is  bound  to  participate  in  stimu- 
lating, aiding,  or  controUing  pubUc  w-orks,  in 
proportion  to  the  direct  or  indirect  effect  of  the 
proposed  work  on  general  national  interests, 
in  proportion  to  the  stress  of  any  existing  emer- 
gency, and  in  proportion  to  the  necessity  of 
utilizing  Federal  expenditure  as  an  alterative 
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and  tonic  for  the  general  economic  system. 
The  practical  allocation  of  local  and  Federal 
responsibility  is  a  matter  of  relative  benefits, 
technical  analysis,  practical  administration, 
and  public  opinion  combined.  The  methods  of 
oi^anization  must  be  so  planned  that  the 
advantages  of  local  knowledge  and  respon- 
sibility may  be  retained,  that  the  national 
interest  may  be  served,  and  at  the  same  time 
that  continuous  popular  support  nuxy  be  avail- 
able. The  duty  of  the  central  governuient  is 
boimded    on    one    side    by    the    necessity    for 


creating  a  national  situation  that  will  satisfy 
the  citizenry,  and  on  the  other  by  the  necessity 
of  avoiding  too  great  a  load  of  responsibiUty  for 
local  failures  and  unavoidable  accidents. 

In  general,  within  the  Umits  of  aw  and  of 
public  opinion,  the  responsibility  of  the  Federal 
Government  is  to  promote  and  balance  by 
every  available  means  all  actions  that  will 
increase  the  total  national  income,  the  facihties 
for  providing  pubUc  services,  and  the  physical 
and  economic  security  of  the  people. 
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I.  On  the  Nature  of  Planning 

If  it  should  be  decided  to  "'put  to  work",  as 
the  phrase  goes  in  industry,  some  comprehen- 
sive program  of  better  utilization  and  control  of 
water  resources,  it  becomes  of  interest  to  know 
something  of  the  kuid  of  planning  that  would 
be  involved  m  carrying  through  such  a  far- 
flung  social  undertaking. 

1.  Generic  Meaning  of  (he  Term:  In  its  com- 
mon sense "plannmg"  is  as  old  as  man.  Peasant, 
husbandman,  merchant,  industrialist,  ruler, 
have  always  made  plans.  Such  planning,  how- 
ever, pivots  on  the  individual  and  carries  the 
limitations  of  liis  particular  interests,  abilities, 
and  facilities,  varies  as  these  change,  and  termi- 
nates when  his  interest  ceases. 

2.  Technical  Meaning  of  the  Term:  Used  by 
those  who  advocate  planning  of  public  affairs 
the  term  has  come  to  have  the  teclmical  mean- 
ing given  to  it  by  engineering  and  industry. 
Engineers  in  large-scale  construction  operations 
and  managers  of  large-scale  business  enterprises 
have  learned  that  the  condition  of  success  is  a 
precise,  coordinated,  economical  management  of 
operations,  and  that  this  condition  can  be  met 
only  by  the  creation  of  an  institutional  mind 
wliicli  has  its  power  of  perception  (investigation, 
research) ,  of  memory'  (records) ,  of  reasoning  (an- 
alysis), and  of  design  (planning).  Such  an  insti- 
tutional mind  is  a  composite  of,  and  yet  is  dis- 
tinct from,  the  minds  of  the  indi\'iduals  of  which 
it  is  composed,  who,  as  indi\'iduals,  may  come 
and  go ;  has  a  continuing  Ufe  coincident  witli  the 
Ufe  of  the  enterprise ;  and  can  think  and  arrange 
aflau-s  with  that  large  perspective  made  possible 
only  bj'  such  characteristics.  Wlien  a  Goethals 
has  assumed  responsibility  for  the  construction 
of  a  Panama  Canal,  or  a  Rockefeller  has  under- 
taken the  creation  of  an  industrial  enterprise, 
he  has  invariably  set  about  the  development  of 
such  an  institutional  mind  as  the  only  reason- 
able assurance  of  consistency  of  component 
operations  and  the  success  of  the  undertaking. 

This  capacity  to  think  in  terms  of  experience 
larger  than  that  which  comes  to  any  individual, 
to  define  distant  goals,  to  arrange  highly  effi- 
cient ways  and  means  of  attaining  them,  and  to 
pursue  these  distant  ends  consistently,  yet  with 
a  flexibility  which  permits  adjustment  to  chang- 
ing conditions,  is  the  dominant  characteristic 
of  institutional  planning. 

3.  Planning  and  Control:  The  attainment  of 
a  complicated  objective  requires,  first,  the  de- 
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this  institutional  mind;  second,  an  actual  ma- 
nipulation of  the  ways  and  means— usuallj'  by 
another  than  the  planning  agency — in  accord- 
ance with  the  predetermined  arrangements. 
Therefore  responsibility,  authority,  and  con- 
trol are  inherent  in  planning.  Yet  these  can 
be — have  been  in  certain  instances — provided 
for  in  a  manner  and  with  a  quality'  which  is 
valued  in  a  political  democracy. 

To  make  responsibility,  authority,  and  con- 
trol both  democratic  and  effective  the  planning 
and  the  execution  must  be  in  accordance  with 
"laws  ol  the  situation,"  the  situation  including 
both  the  objective  and  its  environment.  The 
planner  must  kno\v  as  much  as  science  makes 
possible  about  all  natural  and  human  forces  in- 
volved in  the  achievement  of  the  objective, 
must  evaluate  their  degrees  of  flexibility  and 
must  arrange  for  either  manipulation  or  con- 
formity in  accordance  with  their  natures. 
Tliis  is  an  inexorable  condition  ol  planning, 
whether  individual  or  institutional.  Water 
cannot  be  made  to  flow  uphill  and  ships  can- 
not be  made  to  sail  up  shallow  rapids,  but,  by 
an  arrangement  of  materials  which  takes  the 
form  of  locks,  navigation  uphill  may  be  made 
possible.  Navigation  ma;  be  thus  pro^^ded,  but 
shippers  cannot  be  compelled  to  make  use  oi  it 
if  it  is  not  to  their  interest  so  to  do.  Therefore 
in  planning,  the  design  must  be  such  that,  in 
execution,  the  control  and  authority  reflect — • 
now  obey  and  now  manipulate — the  forces  in- 
herent in  the  situation,  and  are  not  the  expres- 
sion of  arbitrary  desires  and  unintelligent 
assumptions. 

Planning  offers  itself  as  the  salvation  of 
essential  democracy.  As  a  democratic  society 
develops  a  more  compUcated  social-economic 
life,  it  becomes  less  capable  of  survi\-ing  im- 
certainty  and  drift;  of  survi\'ing  as  democracy 
without  continuing  purpose,  control,  and  au- 
thority. It  must  therefore  develop  its  institu- 
tional planning.  Recognition  of  inflexibiUties 
as  well  as  flexibilities  in  situations  is  of  especial 
importance  to  planning  in  a  deihocratic  society. 
Over  a  period  flexible  and  inflexible  factors 
may  undergo  change  with  respect  to  these 
characteristics,  but  in  making  plans  at  any 
particular  time  they  must  be  recognized  as 
they  then  are.  A  democracy  must  make  its 
planning  the  expression  of  a  genuinely  collec- 
tive interest,  purpose,  and  \vill;  must  have 
regard  for  inflexible  human  as  well  as  inflexible 
physical  factors;  and  must  confine  its  manipu- 
lations to  the  plastic  factors  inherent  in  the 
situations  being  planned.  In  this  way  in- 
dividual and  group  relations  in  adjustment  to 


environment  may  be  organized  and  brouglit 
under  control  and  yet  remain  democratic. 
II.  Organization  for  Planning 

1.  Planes  oj  Planning:  Because  of  the  com- 
plicated organization  and  operations  of  mul- 
tiple-plant enterprises,  these  offer  the  most 
valuable  suggestions  for  social  planning;  in 
fact,  theirs  is  the  only  pertinent  experience 
on  which  we  may  draw.  In  their  experience  it 
has  been  discovered  that  the  planning  least 
subject  to  confusion  and  self-defeat  and  most 
effective  in  coordination  is  organized  on  three 
planes: 

a.  Directive  Planning  is  concerned  with 
the  general  direction  of  a  far-fiung  enterprise, 
calculates  in  terms  of  plants  as  units,  formu- 
lates plant  programs,  schedules,  and  budgets 
as  directive  instruments,  and  leaves  to  each 
plant  the  more  detailed  planning  in  terms 
of  its  units.  These  plant  schedules  and 
budgets  are  the  standards  by  which  plant 
operations  are  coordinated  and  their  effi- 
ciency judged.  The  comparison  of  periodic 
plant-progress  reports  %vith  these  schedules 
and  budgets  effects  directive  control.  Con- 
trol through  specifications  of  major  purposes, 
ways,  and  means — environmental  control — 
is  the  characteristic  of  this  plane  of  planning. 
6.  General  Administrative  Planning  is  the 
planning  by  the  general  management  of  the 
individual  plant.  In  conformity  with  direc- 
tive specifications  it  calculates  in  terms  of 
major  departments  as  units,  and  formulates 
programs,  schedules,  and  budgets  as  controls 
for  these  departments.  It  leaves  to  the  de- 
partments more  detailed  planning  for  their 
operating  units.  General  administrative  con 
trol  is  effected  through  comparison  of  de- 
partmental-progress reports  with  the  general 
administrative  schedules  and  budgets.  Here 
again  environmental  control  is  more  charac- 
teristic than  specification  in  detail. 

c.  Operative  Planning  is  the  responsibility 
of  a  departmental  management.  It  cal- 
culates in  terms  of  orders  received,  and  of  the 
processes  and  machines  of  the  department. 
Within  the  major  controls  established  by 
directive  planning  and  the  secondary  con- 
trols estabhshed  by  general  administrative 
planning,  it  designs  the  related  functional 
activities  of  detailed  operations.  Here  speci- 
fication in  detail  enters. 

With  respect  to  specification  in  detail — 
by  some  called  regimentation — two  charac- 
teristics should  be  noted: 

(a)  The  farther  the  plane  of  planning  from 
the  plane  of  actual  operations  the  less  de- 


tailed is  the  planning  and  the  larger  the  units  Planning 
in  terms  of  which  plans  are  made.  Detailed 
planning  can  be  done  only  by  those  who  are 
at  the  scene  of  operations  and  know  inti- 
mately the  unit  acts  to  be  performed  and  the 
processes,  machines,  and  skills  involved. 

(6)  Detail  in  specification  is  a  function  of 
the    technological    methods    necessary    for 
achievement  of  the  objective,  not  a  function 
of  planning  itself.     Planning  does  not  seek 
detail  in  arrangement  for  its  own  sake.     It 
seeks  rather  to  discover  the  least  prearrang- 
ing which  the  technology  of  achievement  of 
the  particular  objective  requires. 
2.  Steps  in  Planning:  In  directive,  general 
administrative,  and  operative  planning,  con- 
sidered individually  or  as  an  integrated  whole, 
there  are  five  inherent  major  steps: 

a.  Definition  of  Purpose:  The  designing 
of  ways  and  means  for  achievement  of  an 
objective  cannot  be  begun  until  the  objective 
is  accurately  defined.  The  desired  end 
governs  every  step  of  planning.  Many 
failures  in  planning  may  be  attributed  to 
disregard  for  this  condition  precedent.  It  is 
a  folk  saying  that  a  problem  well  stated  is 
half  solved.  A  precise  and  complete  defini- 
tion of  objective  is  a  long  step  toward  plan- 
ning for  its  achievement. 

6.  Formulation  of  Policies:  Not  only  does 
decision  to  achieve  an  objective  reflect  a 
major  policy,  but  achievement  is  governed 
by  collateral  pohcies.  An  entrepeneur  may 
for  instance  decide  to  construct  and  operate 
a  textile  mill.  The  necessary  planning  will 
be  conditioned  by  such  poUcies  as  those 
respecting  the  market  to  be  served,  the 
variety  of  items  to  be  fabricated,  and  the 
apportionment  of  capital  between  physical 
equipment  and  working  funds. 

c.  Formulation  of  Program:  To  bring  ways 
and  means  under  organized  consideration 
and  evaluation  there  must  be  a  working 
formulation  of  their  possible  arrangement  in 
the  form  of  a  tentative  program  of  action. 
This  program  is  to  planning  what  an  hy- 
pothesis is  to  scientific  research — a  guide  to 
orderly  procedure  in  discovery,  evaluation 
and  application  of  data. 

(/.  Design  of  Plan:  Revision  followed  by 
still  more  revision  of  the  tentative  program, 
as  data  are  accjuired  and  evaluated,  results 
in  a  refined  final  form  of  the  program  in 
which  ways  and  means  of  accomplishing  the 
objective  are  brought  into  precise  qualita- 
tive, quantitative,  and  functional  relation- 
ships.    This  constitutes  the  plan.  223 


Planning  e.  Differentiation  of  Projects:  A  plan  is 

usually  composed  of  groups  of  operations, 
each  group  having  an  integrity  which  per- 
mits it  to  be  carried  through  as  a  thing  in  it- 
self. Such  an  integral  group  of  operations 
may  be  identified  as  a  project.  For  instance, 
in  building  construction  the  foundation 
work,  the  erection  of  superstructure,  or  the 
installation  of  a  lighting  or  heating  system,  is 
each  a  distinct  project.  Each  can  be  carried 
out  as  a  separate  sub-objective  because  co- 
ordination has  been  effected  by  the  general 
plan  of  which  each  is  a  part. 

Any  one  of  such  related  projects,  if  it  be 
large  and  complicated  enough  to  call  for  such 
a  division — for  instance,  the  projects  involved 
in  the  construction  of  a  Panama  Canal — may 
have  its  particular  planes  of  directive,  general 
administrative,  and  operative  planning. 
3.  Processes  of  Planning:  Three  major  pro- 
cesses are  characteristic  of  planning,  whether 
it    be    directive,    general    administrative,    or 
operative. 

a.  Research  and  Investigation  accumulate 
the  data  by  which  the  ways  and  means  of 
achievement  that  are  to  enter  the  final  design 
may  be  evaluated.  Such  research  and  in- 
vestigation eliminate  guess,  hunch,  and  preju- 
dice, discover  the  degree  of  flexibility  and 
inflexibility  of  factors,  and  increase  the 
probability  of  the  success  of  the  resultant 
plan.  Research  and  investigation  are  of 
two  kinds:  the  continuous  research  and  in- 
vestigation which  are  constantly  engaged  in 
accumulating  basic  data  for  general  sub- 
sequent use;  and  the  research  and  investiga- 
tion which  focus  on  problems  of  a  particular 
objective. 

h.  Standardization  translates  scientific  in- 
formation into  terms  pertaining  to  materials 
and  apparatus  to  be  used  and  to  ways  of 
doing  things  familiar  to  those  concerned  with 
execution.  The  specification  of  a  particular 
type  of  machine  on  which  to  fabricate  a 
particular  product,  or  of  a  specified  grade  of 
materials  for  a  particular  piece  of  construc- 
tion, is  a  standard.  It  is  in  terms  of  such 
basic  standards  that  a  detailed  operative 
plan  is  composed.  Such  standards  are  never 
considered  final  and  are  subject  to  continuous 
rational  revision. 

c.  Design  is  the  final  element  of  the  plan- 
ning process  in  which  ways  and  means  of 
achieving  the  purpose,  based  on  research- 
determined  standards,  are  formulated  into  a 
logical  and  effective  scheme  of  coordinated, 
224  synchronized  acts  utilizing  specified  facilities. 


Although  these  elements  of  the  planning 
process  are  common  to  all  planes  of  planning, 
each  uses  its  appropriate  types  of  research, 
standards,  and  design.  As  has  been  observed, 
the  farther  the  plane  of  planning  is  from  the 
plane  of  action  and  from  the  planning  of  con- 
stituent projects,  the  less  detailed  the  specifica- 
tions. However,  the  standards  and  resultant 
specifications  of  all  planes  of  planning  must  be 
consistent,  as  they  may  be  if  based  on  the  same 
fundamental  researches  and  checked  one  against 
another. 

Planning,  in  this  technical  meaning  of  the 
term  as  understood  bj^  large-scale  engineering 
and  industry,  has  not  yet  been  adapted  to  the 
social  purposes  of  government  in  the  United 
States.  In  the  common  meaning  of  the  term, 
individual  leaders  and  individual  administra- 
tions have  had  their  individual  plans,  but  these 
have  pivoted  on  individuals  and  have  been 
transitory.  A  continuing  institutional  mind, 
especially  charged  with  the  responsibility  of 
formulating  some  comprehensive  long-run  so- 
cial plan,  has  never  been  established.  How- 
ever, the  complications  and  confusions  of  our 
cultural  and  economic  life  are  becoming  such 
that  the  planning  of  a  better  adjustment  of 
national  life  to  natural  environment  appears 
essential.  The  technique  of  such  planning  can- 
not make  a  better  beginning  than  to  adapt  the 
technique  developed  by  engineering  and  in- 
dustry. 

III.  Directive  Planning  of  the  Utilization 
and  Control  of  Water  Resources 

1.  Federal  Responsibility:  Comprehensive  re- 
gional planning  of  the  utilization  of  water 
resources  is  unquestionably  a  responsibility 
of  the  Federal  Government.  Federal  respon- 
sibihty  rests  on  these  among  other  facts:  (a) 
the  problems  transcend  state  areas  and  the 
physical  factors  cut  across  state  lines;  (b)  the 
Federal  Government  has  for  years  been  par- 
ticularly concerned  with  navigation  and  more 
recently  with  flood  control ;  (c)  water  problems 
have  in  other  respects  become  increasingly  a 
problem  of  the  Federal  Government;  (d)  it  has 
numerous  agencies  already  experienced  in  the 
particular  lands  of  research  and  investigation 
involved,  and  in  formulating  appropriate  basic 
standards;  (e)  national  relations  and  influences 
play  a  progressively  larger  part  in  cultural  and 
economic  hfc ;  and  (f )  many  believe  the  Federal 
Government  should  discharge  the  moral  obliga- 
tion of  rectifying  the  results  of  unwise  early 
Federal  land  pohcies  (involving  water  factors) 
wliich  have  permitted  in  some  cases  the  mis- 
guided efforts  of  individual  settlers,  with  the 


ultimate    consequence    of    jeopardy    to    their 
present  welfare  and  security. 

2.  The  Evolutionary  Point  of  View:  The 
application  to  pubhc  affairs  of  the  principles 
and  technique  of  planning  offered  by  the  rich 
experience  of  engineering  and  industry  must 
first  of  all  be  conditioned  upon  the  social  nature 
of  the  proposed  planning. 

In  regional  planning  the  objective  must  be 
defined  in  terms  of  the  desires  of  an  existing 
society;  the  standards  must  take  into  account 
its  traditions,  habits,  and  prejudices;  the  plan- 
ning and  executing  instruments  employed  must 
be,  insofar  as  is  technically  desirable,  existing 
institutions.  One  of  the  first  problems  of 
regional  planning  research  is  to  inform  itself 
with  respect  to  such  matters  and  to  ascertain 
how  harmony  may  be  brought  between  existing 
institutions,  mental  attitudes,  and  habits  on 
the  one  hand,  and  the  developed  technique  of 
planning  on  the  other  hand.  Beginning  in  this 
manner  social  experience  in  planning  will  in- 
fluence traditions,  habits,  prejudices,  desires, 
and  institutions,  and  also  the  planning  tech- 
nique itself;  and  by  circular  reactions  will  bring 
progressively  more  perfect  harmony  between 
principles,  technique,  and  conditions. 

3.  Utilizing  Available  Institutions:  Organiza- 
tions are  constitutionally  and  legally  available 
to  serve  as  agencies  of  regional  planning  and  of 
the  execution  of  plans.  These  are  agencies 
which  may  easily  be  expanded  or  created  by 
Federal,  state  and  local  governments,  respec- 
tively. From  among  these  should  not  be 
omitted  interstate  and  interlocal-government 
"authorities"  which  may  be  created  under 
statutes  authorizing  compacts.  Provided  there 
is  a  will  to  plan  and  a  willingness  to  come  into 
cooperative  relations,  a  great  variety  of  insti- 
tutions is  available  for  the  purpose. 

4.  General  Resources  Planning:  Although  here 
concerned  chiefly  with  directive  planning  of  the 
control  and  use  of  water  resources,  we  should 
not  fan  to  perceive  that  water  is  but  one  of 
several  related  classes  of  resources  and  that 
promotion  of  the  public  welfare  by  wiser  use  of 
one  particular  resource  cannot  effectively  be 
accomplished  without  its  being  incorporated 
into  a  master  plan  of  utilization  of  all  resources. 
Therefore,  from  the  point  of  view  of  an  agency 
concerned  with  directive  planning  of  the  use 
of  water  resources,  its  planning  should  be  con- 
ditioned by  a  comprehensive  plan  for  the  co- 
ordinated control  and  utihzation  of  all  resources. 
It  should  begin  its  planning  subject  to  environ- 
mental controls  thus  established. 


5.  Organization  for   Regional   Planning:   In        Planning 
private  industry  it  has  come  to  be  realized  that 

the  once  common  assumption  that  "my  busi- 
ness is  entirely  different  from  yours"  is  true 
only  in  respect  to  such  matters  as  materials, 
technology,  and  markets,  and  that  all  businesses 
are  essentially  alike  in  respect  to  fundamentals 
of  management,  among  them  planning.  The 
framework  of  planes,  steps  and  processes  of 
planning,  which  have  been  described,  is  com- 
mon to  afl.  The  differences  between  a  public 
and  a  private  business  do  not  affect  fundamen- 
tals of  organization  for  achievement  of  objec- 
tives, provided  there  is  the  will  to  achieve  them 
precisely  and  economically.  Therefore,  one 
may  accept  the  framework  of  planning  devel- 
oped by  private  industry  as  adaptable  to  public 
purposes. 

Consideration  of  available  public  institutions, 
to  which  reference  has  been  made,  suggests  an 
orderly  and  logical  allocation  of  planes  of 
planning  responsibiUty  among  them.  Federal 
agencies  would  be  concerned  primarily  with 
directive  planning  and  think  in  terms  of 
regional  objectives  and  constituent  projects. 
State  and  interstate  agencies  would  be  con- 
cerned primarily  with  general  administrative 
planning  of  constituent  projects;  and  lesser 
agencies,  public  and  private,  generally  with 
operative  planning  and  execution.  This  sug- 
gestion will  be  developed  more  fully  below. 
Likewise  the  planning  would  involve  steps  and 
processes  similar  to  those  characteristic  of 
planning  in  private  industrj'. 

6.  Definition  of  Objective:  For  reasons  which 
have  been  indicated  the  Federal  directive 
planning  agency  would  be  best  equipped  to 
define  the  purpose  and  scope  of  any  particular 
regional  undertaking  for  control  and  utilization 
of  water  resources.  It  would  of  course  consult 
with  state  and  interstate  agencies  in  working 
out  the  statement  of  scope  and  purpose,  but 
on  it  should  rest  initiative  and  ultimate 
responsibility  because  its  perspective,  free 
from  the  particularism  of  more  restricted 
points  of  view,  is  the  onlj"  perspective  ade- 
quate for  such  responsibility. 

7.  Research:  It  also  would  be  the  agency 
best  equipped  through  association  with  special- 
ized agencies  of  the  Federal  and  state  govern- 
ments to  organize  coordinated  researches 
(conducted  by  both  Federal  and  local  agencies) 
essential  to  an  adequate  knowledge  of  the 
waters  involved,  and  their  behavior  and  rela- 
tions. In  this  connection  attention  should  be 
called  to  the  urgent  necessity  that  it  should 
promptly   organize   the   procurement   of  con-       225 


Planning  tinuous  records  of  the  behavior  of  water,  and 
accompanying  researches,  with  a  scope  which 
has  never  yet  been  undertaken.  This  would 
involve  that  at  all  strategic  points  in  a  region 
provision  be  made  for  the  accumulation  and 
analysis  of  continuous  records  of  rainfall,  run- 
off, infiltration,  water  tables,  subsurface  de- 
posits, stream  flow,  low  water,  floods  and 
erosion;  and  the  relations  of  swamps,  reservoirs, 
lakes  and  rivers  to  other  physical  and  cultural 
factors.  Wliile  planning  begun  tomorrow 
would  have  to  be  content  with  such  meager 
records  of  this  kind  as  are  now  available,  the 
concept  of  the  planning  agency  as  a  perpetual 
institutional  mind  should  inspire  it  to  provide 
promptly  for  adquate  continuing  records  and 
analyses  for  use  twenty-five,  fifty,  and  a  hun- 
dred years  hence.  Paralleling  such  studies  of 
a  more  strictly  hydraulic  nature  should  be 
studies  of  the  social  utilization  of  water  for 
navigation,  power,  irrigation,  sanitation,  rec- 
reation, and  so  on;  all  designed  to  afford  a 
more  substantial  foundation  for  future  plan- 
ning of  the  use  and  control  of  water  in  a  pro- 
gram of  better  adjustment  of  man's  life  to  his 
environment. 

8.  Data  and  Standards:  Accompanying  and 
consequent  on  these  researches  such  a  Federal 
directive  planning  agency  should  be  contin- 
uously engaged  in  the  consolidation  of  basic 
data  and  the  formulation  of  basic  standards 
pertaining  to  materials  and  methods  used  in 
the  control  and  utilization  of  water,  of  the 
nature  indicated  in  an  earlier  section,  and 
should  have  them  available  for  use  in  connec- 
tion with  the  succession  of  programs  and  proj- 
ects with  which  it  would  come  to  be  concerned. 
As  in  industry  and  engineering,  such  standards 
should  never  be  considered  final;  but  at  any 
time  the  latest  revisions  should  be  immediately 
available  for  each  planning  problem  that  pre- 
sents itself. 

9.  Education:  This  Federal  agency  of  direc- 
tive planning  should  assume  the  responsibility 
of  a  continuous  program  of  general  public 
education  respecting  better  utilization  of  water 
resources  and  better  control  of  the  destructive 
conduct  of  water,  especially  where,  as  in  the 
case  of  erosion,  its  first  destructive  forms  are 
insidious,  do  not  attract  local  attention,  and 
the  destructive  characteristics  are  seen  only  in 
large  perspective.  For  illustration,  it  might 
undoubtedly  be  well  worth  while  to  inspire  the 
enlistment  of  the  rural  school  cliildren  of  tlie 
country — rural  Boy  Scouts  and  Girl  Scouts — 
under  the  guidance  of  educational  and  agri- 

226       cultural  authorities,  in  a  campaign  to  combat 


erosion  in  its  initial,  insidious  forms  of  sheet 
and  finger  erosion.  Similar  maneuvers  have 
been  organized  and  carried  through  in  suburban 
communities  with  respect  to  pests  like  the  tent 
caterpillar.  This  suggestion  indicates  how 
planning  may  be  made  a  means  of  enabling  all 
citizens  of  a  democracy  to  join  the  ranks  of 
those  seeking  to  thwart  destructive  and  to 
release  beneficial  energies. 

10.  Specific  Programs  and  Projects:  In  the 
face  of  concrete  situations  calUng  for  better 
utilization  and  control  of  water  resources,  and 
with  the  data  and  standards  being  continuously 
acquired  against  such  times  of  need,  this 
Federal  directive  planning  agency  would  be  in 
a  position  to  exercise  the  more  definite  plan- 
ning function.  In  respect  to  this,  its  function 
would  be:  to  design  the  over-all  regional  layout 
of  a  program,  including  any  special  investiga- 
tions necessary  to  the  development  of  a  first 
hypothetical  design  into  a  final  refined  design ;  to 
indicate  the  nature  of  and  relations  of  constitu- 
ent projects;  to  indicate  the  general  character 
of  the  layout  of  each  particular  project;  to 
indicate  the  organization  of  states,  locahties 
and  authorities  for  further  planning  and  the 
execution  of  plans;  to  formulate  the  schedules 
of  action  and  the  budget  of  costs  and  their 
allocations;  and  not  least,  by  interchange  of 
ideas  concerning  objective,  plans,  metliods  and 
division  of  labor,  to  effect  the  arrangements 
whereby  the  several  cooperating  agencies 
would  be  brought  into  legal  and  technical 
relations  for  consummation  of  the  plans.  All 
this  accomplished,  the  several  parts  of  the  over- 
all plan  would  be  passed  along  to  the  various 
cooperating  general  administrative  and  opera- 
tive agencies. 

11.  Directive  Contacts  and  Controls:  To  as- 
sure coordination  in  carrying  through  the 
program  of  any  regional  development,  even 
though  general  administrative  and  operative 
responsibilities  would  be  passed  along  to  other 
agencies,  this  Federal  d-rective  planning  agency 
would  possess  facihties  for  observing  and  ap- 
praising the  progress  on  all  parts  of  the  program, 
because  detailed  operative  and  general  adminis- 
trative plans  would  be  components  of  and  dove- 
tail into  the  directive  comprehensive  plan.  It 
would  be  in  a  position  to  assure  the  enforcement 
of  all  specifications,  or  correction  of  deviations 
therefrom,  because  of  the  authority  accom- 
panying Federal  contributions  to  projects 
which  are  elements  of  a  regional  plan. 

12.  Exclusirely  Federal  Projects:  Undoubt- 
edly in  respect  to  some  parts  of  an  over-all  plan 
or  even  in  respect  to  an  occasional  over-all  plan 
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in  its  entirety,  it  would  be  found  expedient  for 
this  Federal  directive  planning  agency  to  as- 
sume the  additional  functions  of  general 
administrative  planning,  opeiative  planning 
and  execution — as  is  now  the  fact  respecting 
major  navigation  projects.  In  such  a  case  it 
should  extend  its  organization  to  enable  it  to 
perform  the  additional  functions.  The  exten- 
sion of  its  organization  would  be  by  addition  of 
a  unit  for  the  particular  general  administrative 
and  operative  planning,  while  the  execution 
would  usually  be  left  by  contract  to  some  pri- 
vate agency  or  to  the  Corps  of  Engineers. 

12.  Practicality  of  Planning:  Because  gov- 
ernment in  the  United  States  has  not  yet  in- 
stituted planning  with  the  comprehensive 
technique  which  has  been  here  explamed,  dis- 
cussion of  what  might  be  undertaken  cannot 
avoid  a  theoretical  flavor.     However,  it  should 


be  borne  in  mind  that  the  technique  has  been 
validated  by  industrial  experience  and  is  one  of 
the  most  prac-tical  and  vital  instruments  of 
private  business.  Although  first  developed  for 
control  of  fabricating  operations,  it  has  been 
applied  progressively  to  merchandising,  the 
general  administration  of  plants,  and  directive 
administration  of  far-flung  multiple-plant  en- 
terprises. It  permits  management  of  large- 
scale  operations  with  an  efficiency  seldom  real- 
ized in  the  small  enterprises  of  half  a  century 
ago.  Without  it  modern  large-scale  enter- 
prises would  be  unmanageable,  because  tlie 
larger  the  scale  of  operations  the  more  depend- 
ent an  enterprise  on  planning.  For  this  reason 
social  enterprise  appeai-s  to  be  even  more 
dependent  than  private  enterprise  on  such  a 
technique  of  planning. 
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THE  MISSISSIPPI  VALLEY  OF 
THE  FUTURE 


A  map  of  what  is  now  the  United  States, 
published  about  a  century  ago,  reveals  a  good 
knowledge  of  the  country  as  far  West  as  the 
Mississippi  River,  some  acquaintance  with  the 
Spanish  Southwest,  to  wliich  American  traders 
from  points  on  the  Missouri  River  were  already 
making  regular  trips,  and  a  fair  idea  of  the 
Missouri-Columbia  route  to  the  Pacific  North- 
west. But  the  details  of  the  vast  interior  basin 
were  not  filled  in.  It  was  still  believed,  for 
example,  that  the  Great  Salt  Lake  had  an 
outlet  to  the  Pacific,  perhaps  at  tiie  Bay  of 
San  Francisco. 

When  we  try  to  project  our  map  of  the  Mis- 
sissippi Valley  into  the  future  we  encounter 
difficulties  similar  to  those  of  the  map-makers 
of  1834.  There  are  no  returned  travelers  to 
tell  the  story  of  shining  mountains,  inland 
seas,  and  rivers  slipping  out  of  the  unknown. 
We  must  be  guided  by  sights  taken  from 
familiar  peaks  and  by  dim  landfalls  on  strange 
coasts. 

Yet  from  the  borders  of  the  Terra  Incognita, 
which  we  must  leave  to  our  children  to  explore, 
we  can  draw  some  intersecting  lines,  fix  some 
latitudes  and  longitudes,  and  perhaps  mark  the 
beginnings  of  trails  which  will  later  become 
main-traveled  roads.  The  analogy  still  holds 
if  we  consider  the  course  and  nature  of  these 
trails.  The  physical  qualities  of  the  country, 
its  rivers  and  mountain  passes,  will  have  a  part 
in  determining  their  windings,  but  the  needs, 
desires,  and  ingenuities  of  those  who  are  to 
follow  them  will  fix  their  destinations  and  their 
character. 

Similarly,  in  attempting  to  chart  the  Mis- 
sissippi Valley  of  the  future,  we  must  take  ac- 
count of  physical  factors  which  on  the  whole 
will  not  change;  of  human  desires  which  like- 
wise remain  much  the  same  from  generation  to 
generation ;  and  of  the  degree  to  which  human- 
ity can  adapt  nature  to  its  own  ends.  It  is 
this  latter  element  which  is  the  most  specula- 
tive. 

If  certain  present-day  trends  were  to  be  pro- 
jected unaltered  into  the  future  the  map  would 
be  a  sorry  one.  We  would  be  compelled  to 
show  increasingly  large  stretches  of  once  fer- 
tile lands  stripped  of  their  life-giving  humus, 
rivers  breaking  forth  in  floods  of  increasing 
230        severity  as  the  denuded  slopes  permitted  an 


ever-swifter  run-off,  industry  and  agriculture 
becoming  ever  more  precarious,  the  life  of  the 
people  on  the  land  becoming  more  and  more 
disorganized,  and  a  steady  increase  of  farm 
tenancy  and  of  economic  dependency. 

Under  such  conditions  local  self-government 
would  be  likely  to  break  down,  and  under  the 
spell  of  a  dire  and  never-ending  emergency, 
economic  and  political  centraUzation  would 
steadily  increase.  The  comparison  of  such  a 
situation  with  the  final  days  of  the  Roman  Em- 
pire is  not  too  far-fetched.  Civilizations  of  the 
past  have  more  than  once  decayed  because  of 
sunilar  causes. 

The  values  we  most  cherish  in  American  life, 
in  the  geographical  and  perhaps  the  cultural 
heart  of  the  American  democracy,  depend  on 
arresting  these  tendencies.  In  many  places 
the  present  report  has  suggested  an  extension  of 
the  Federal  Government's  activities  and  re- 
sponsibilities. Actually,  as  the  Committee 
firmly  believes,  such  an  extension,  on  the  bases 
proposed,  is  necessary,  not  merely  to  maintain 
the  prosperity  of  the  Valley  but  to  combat 
influences  which  would  otherwise  break  down 
the  spirit  of  local  self-reliance  and  local  self- 
government. 

Life  in  the  Mississippi  Valley  of  the  future 
need  not  be  poverty-stricken  or  precarious. 
The  forces  maldng  for  health  and  well-being, 
once  they  are  controUed,  are  greater  than  those 
which  make  for  disaster.  The  quality  of  fife 
in  the  Valley  can  be  enormously  improved.  It 
need  not  go  the  way  of  the  valley  of  the  Nile, 
the  vaUeys  of  the  Tigris  and  Euphrates,  where 
sands  have  drifted  into  old  irrigation  ditches 
and  the  sites  of  opulent  gardens,  or  the  stripped 
valleys  of  China.  We  have  knowledge  that  the 
older  civilizations  lacked.  If  we  synthesize  that 
knowledge  to  make  our  plans,  if  we  put  a  com- 
mon purpose  above  local  jealousies  and  con- 
fhcts  of  interest,  the  future  is  in  our  own  hands. 

A  benevolent  despot  could  bring  about  all 
the  physical  changes  that  are  proposed  in  tliis 
report,  but  he  could  not  make  them  permanent. 
A  democracy,  surrendering  minor  privileges 
here  and  there  in  order  to  save  its  essential 
liberties,  can  build  just  as  solidly  and  more 
lastingly.  Our  democracy  already  has  the 
necessary  technique.  It  needs  only  a  wider 
vision,  a  more  realistic  imagination. 

The  future  cannot  undo  all  the  blunders  of 
the  past.  It  cannot,  in  any  length  of  time  easy 
to  conceive,  restore  completely  eroded  lands  to 
their  primitive  condition.  But  there  are  things 
we  can  certainly  draw  into  our  map  of  the 
future  if  we  wish. 


Such  a  map  might  show  the  disastrous  kind 
of  erosion  finally  checked.  Instead  of  gullied 
hillsides  and  slopes  from  which  the  rich  humus 
colors  were  slowly  fading,  it  would  show  ter- 
races; alternations  of  tilled  land  and  grass- 
lands; new  forests  springing  up  in  belts  and 
patches,  tended  as  carefully  as  so  many  or- 
chards. It  would  show,  perhaps  in  variegated 
colors  in  order  to  make  the  contrasts  more 
evident,  the  scientific  uses  of  all  the  land  in  the 
Valley,  determined  after  long  studies  of  soils 
and  climatic  conditions.  No  farmer  would  be 
trying  to  grow  corn  on  land  fit  only  for  timber, 
or  wheat  on  land  best  fitted  for  grazing,  or 
anything  at  all  on  land  best  fitted  for  recreation 
and  the  preservation  of  wildlife. 

The  rivers  might  not  be  entirelj'  imder  control 
in  times  of  major  floods,  but  the  crest  of  the 
floods  would  have  been  lowered  by  means  of 
forest  planting,  sod  cultivation,  the  building  of 
nuiltiple-purpose  dams,  and  the  creation  of 
numerous  minor  reservoirs.  When  the  rivers 
could  not  be  held  within  their  channels  their 
waters  would  be  allowed  to  flow  into  previously 
selected  floodways,  where  the  least  possible 
harm  would  residt.  Low-water  control  would 
have  advanced  to  a  point  where  each  com- 
munity would  be  ensured  of  its  necessities. 
Power  lin^s  would  have  flung  an  intricate, 
interconnected  network  over  the  whole  region, 
with  power  "islands"  in  remote  areas  into 
which  the  major  transmission  lines  could  not 
economically  penetrate.  Every  farmer's 
family  would  find  its  work  lightened  by  the 
use  of  electricity.  New  manufactures,  per- 
haps new  inventions,  might  have  restored  some 
of  their  lost  traffic  to  the  rivers.  Possibly 
recreational  uses  would  have  supplanted  com- 
merce on  most  of  them.     Playgrounds  of  all 


sorts,  from  city  parks  to  wilderness  areas 
into  which  no  wheeled  vehicle  w'ould  be  allowed 
to  go,  would  be  more  extensive  and  more 
thickly  spotted  over  the  map.  No  reason 
would  appear  why  they  should  not  be.  The 
intensive  cultivation  of  only  the  best  land 
would  have  restored  to  the  Valley  some  of  its 
original  freedom  and  spaciousness.  Popula- 
tion would  have  increased  but  crowding  would 
have  decreased. 

The  economic  fife  ol  the  region,  being  better 
organized,  would  be  carried  forward  on  a 
higher  level.  "Area  projects"  on  the  Lower 
Mississippi,  in  the  Tennessee  VaUey  and  else- 
where, would  have  demonstrated  the  inter- 
locking character  of  all  human  activities  that 
are  dependent  on  water.  Means  would  have 
been  found  to  halt  the  trend  toward  farm 
tenancy.  The  "sturdy  individualism"  of  pio- 
neer days  would  have  been  restored  by  the 
cooperation  of  national  and  local  agencies, 
some  governmental,  some  private,  but  it  would 
be  a  cooperative,  not  a  combative  individual- 
ism. Little  distinction  would  be  made  between 
the  various  forms  of  cooperation.  The  agency 
employed  would  be  that  which  after  a  scien- 
tific survey  of  conditions  seemed  best  adapted 
to  the  purpose. 

Such  a  picture  as  this  is  not  fanciful,  even 
though  we  cannot  certainly  predict  that  it  will 
be  fully  reaHzed.  It  indicates  what  can  be 
accomplished,  in  an  American  way,  in  a  demo- 
cratic society,  through  democratic  governing 
agencies.  It  does  not  demand  a  break  with  the 
nation's  traditions,  but  an  application  of  them 
in  new  ways  to  new  conditions.  The  nation 
can  create  such  a  Mississippi  Valley  as  has  been 
outlined  if  it  collectively  so  wills. 


The    Mississippi 
Valley  of  the 
Future 
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This  rejjort  of  the  Mississippi  Valley  Com- 
mittee is  in  answer  to  oin-  instructions  to  make 
a  plan  for  the  \ise  and  control  of  water  within 
the  Mississippi  drainage  basin,  a  vast  area 
comprising  all  or  parts  of  31  states.  An 
earnest  effort  has  been  made  to  show  the  rela- 
tion of  the  great  wealth  of  water  resources  in 
the  Basin  to  the  pressing  problem  of  bettering 
the  condition  of  its  people  and  indirectly  that 
of  the  whole  nation. 

'UTiile  this  answer  does  not  embody  all  the 
divergent  \-iews  presented,  it  represents  the 
opinion  of  the  committee  as  a  whole;  and  it  is 
submitted,  not  merely  as  one  of  many  answers 
that  might  be  made  to  our  instructions,  but  as 
the  one  considered  to  be  the  best.  While  the 
control  and  use  of  water  is  the  core  of  our 
assignment,  the  boimdary  between  water  and 
land  problems  is  indefinite  and  shifting.  In 
fact,  any  consideration  of  water  problems  leads 
inevitably  to  the  hfe  of  the  people  who  occupy 
the  land. 

The  advantage  of  this  type  of  assignment 
lies  in  the  opportunity  afiorded  to  approach 
the  problem  simultaneously  from  many  angles, 
to  appraise  all  of  the  factoi-s  involved  in  their 
relative  importance  to  one  another  and  to  the 
whole,  and  setting  aside  for  the  moment  those 
of  less  immediate  import,  to  biing  those  that 
remain  to  a  common  focus.  In  our  effort  to 
evaluate  and  choose  from  so  much  that  is 
pertinent  we  have  come  to  a  clearer  under- 
standing both  of  the  importance  and  difficulties 
of  regional  planning. 

Impressed  with  the  Umited  time  and  over- 
whebning  burdens  of  those  who  are  guiding  the 
nation  in  these  critical  days  we  have  accepted 


the  responsibility  of  selection  and  condensation 
of  the  available  material  from  the  standpoints 
of  significance,  cjuick  assimilation  by  the  reader, 
and  usefulness,  both  in  the  attack  on  pressing 
problems  and  in  the  formulation  of  long-time 
policies.  Supplementary  material,  usually 
found  in  appendices  to  such  reports,  is  on  file 
in  our  offices. 

In  a  very  real  sense  the  malcing  of  this  report 
has  been  a  cooperative  undertaking.  From 
those  who  have  spoken  at  the  large  nimiber  of 
hearings  held  especially  in  connection  with 
projects  proposed  for  federal  aid,  from  members 
of  the  Congress,  and  from  such  groups  as  that 
representing  the  railroads  of  the  countrj-  we 
have  gained  both  specific  information  and 
general  perspective.  From  the  various 
branches  of  the  Federal  Government  we  have 
received  unreserved  help  and  cordial  coopera- 
tion. A  number  of  universities  and  colleges 
in  the  Vallc}-  have  rendered  material  assistance. 

In  the  preliminary  inciuiries  leading  to  the 
drafting  of  sections  of  the  report,  and  in  some 
cases  in  the  drafting  itself,  we  have  had  assist- 
ance from  professional  engineers  not  in  the 
federal  service.  Acknowledgments  are  also 
due  to  special  committees  appointed  to  con- 
sider improvements  on  the  Arkansas  and  Red 
River  systems.  To  all  these;  to  our  technical 
staff,  which  brought  to  the  novel  task  a  high 
degree  of  competence,  rare  devotion,  and  an 
enthusiasm  appropriate  to  the  emergency;  to 
the  office  staff,  who  have  worked  long  hours 
and  often  under  trying  conditions;  and  to 
man}'  others  we  express  both  appreciation  and 
gratitude. 

We  recall  with  pleasure  the  service  as  a 
member  of  the  Committee  in  its  early  days  of 
Major  General  Lytle  Brown  then  Chief  of 
Ensineers. 


MISSISSIPPI     VALLEY     COMMITTEE, 

By:  Harlan  H.  Barrows,  Chairman  of  the  Department  of  Geography,  L'niversity  of  Chicago; 
Herbert  S.  Crocker,  Consulting  Engineer,  Denver,  Colorado; 
Glen  E.  Edgerton,  Lt.  Colonel,  Corps  of  Engineers;  ' 
Henry  S.  Graves,  Dean,  School  of  Forestry,  Yale  University; 
Edward  M.  Markham,  Major  General,  Chief  of  Engineers; 
Charles  H.  Paul,  Consulting  Engineer,  Dayton,  Ohio; 
Harlow  S.  Person,  Consulting  Economist,  New  York  City; 
Sherman  M.  Woodward,  Professor  of  Hydraulics,  State  University  of  Iowa; 
Morris  L.  Cooke,  Consulting  Engineer,  Philadelphia, 
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'  Representing  General  Markham. 
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